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ADDITIVE COMPONENTS FOR LIQUID CRYSTALLINE MATERIALS 

The present invent'on relates to mesogenic, cross-linKable mixtures comprising at least 
one cross-linkable liquid crystalline host compound and at least one novel chiral or 
S achfiral rod shaped compound as additive component, to novel chlral or achiral rod- 
shaped compounds used for the preparation of these mixtures, to mbrtures accoid^g 
to the invention In forni of an elastomer, polymer gel, polymer network or polymer film, 
to polymer nebvorks and liquid crystalRne polymer films prepared from tfiese mixtures 
and to optical or electro-optical components comprising polymer networks and liquid 

10 crystalline polymer films prepared from such mixtures. More partteulariy. it relates to 
the use of the chiral or achiral rod shaped compounds as components of a cross- 
linkable liquid crystalline mixture in the production of orientated liquid crystalline 
polymers, to liquid crystalline mixtures comprising these compounds, to liquid 
crystalline polymers and liquid crj«talline polymer networks prepared from such liquid 

15 crystalline mixtun&s, and to liquid crystalline devices comprising these compounds. 

Uqukl crystalline polymers (LCPfe) are used in the manufacture of optical devices and 
components such as for example waiveguides. optical gratings, filters, retardere, 
coatings, films, piezoelectric celts and non-linear optk:al cells. The right choice of the 
20 LCP used in any one of the afonsmentioned optical di^'cee and components depends 
upon its associated optical properties such as the optical anisotropy, reirective index, 
transparency and dispersion. Opfical filters, for example, contain LCl=fe having a large 
anisotropy (An) and a low dispersion (n = f(X)), 

25 Usually LCPs are manufectured by orientating a layer of a cross-linkable liquid 
crystelline (LC) single compound or of a mixture of different cross-linkable liquid 
crystaWne single compounds on a substrate provided with an orientation layer [e.g. a 
substrate provided with an orientatkm layer obtained thnough mbblng or linear photo- 
polymerization (LPP)] or by shearing a single cross-linkable liquid crystalline 

30 compound or a nrtixture of drflerent cross-linkable liquid crystalline single compounds 
along a preferential direction, followed by cross-linking the liquid crystalline layer to 
form a anisotropic polymer netuvoffc. In the manufacture of optical components using 
LCPs, the orientation quality in relation to crucial process parameters, like orientation 
time, backing temperature, etc, plays a predominant role. The orientation qualify is 

i5 directly related to material parameters. In principle mainly to the macromolecular 
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packing !n the liquid crystalline state which itsetf is largely determined by the viscosity 
of the applied materiaL It Is believed that sub-optimal material parameters are one of 
the major reasons for preventing good orientation (alignment), for example in the 
preparation of LCPs films aimed to have a high thickness, or when using materials 

5 comprising high molecular weight components (such as dimers, oligomers, etc). 
Typical orientatcon defects frequently observed and known to the skilled person are for 
example schHensn texture, focal conical fan t^ure. zigzag defects, pre-tllt mono- 
domain variability, etc. The elimination of these defects can be attempted for example 
through thermal post backing processes. However, in general these steps are 

10 tnsuffictent and do not lead to the required qualities, even when applied over extended 
time periods (which by itself is dearly a major disadvantage for use in Industrial 
manufacturing processes). LC starting materials having a high-viscoslty profile are less 
suitable for the quick and easy manufacture of oriented films and coatings of high 
quality. 

15 

Cross-linkable liquid crystalline compounds used In the manufacture of LCPs must be 
chemically and thermally stable, stable to electromagnetic radiation, soluble in 
standard solvents and miscible wltti other liquid crystalline components, and should 
exhibit liquid crystalline properties In the range of - 30 to + 150 °C, preferably in the 

20 range of 0 to 120 Tte configuration imposed by the orientation layer on the 
polymerizabte liquid crystalline single compounds or mbdures of liquid crystalline single 
compounds gets frozen in once the LCP network is fbnned by cross4tnking. The 
resulting LCP films and coatings should preferably have a high viscosity profile and 
should be stable when exposed to mechanical stresses^ elevated temperatures and 

25 light 

There is therefore a need for liquid crystalline single compounds or mixtures of liquid 
crystalline compounds having a broad therm^ liquid crystalline range and which can 
be easily orientated on a substrate prior to cross-linking In such a way that the 
30 orfentatton of the liquid crystalline single compounds or mixtures of liquid crystalline 
single rampounds on the substrate remains stable over the entire time period required 
for producing the LCP networic. 

Doping liquid crj^talline mixtures with small amounts of certain additives, such as 
35 paraffins, offers to a certain extent a known way to optimize the mixture's orientation 
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potential without introducing major changes to the physical properties of the underlying 
key components of the mixture. However, due to rncompatiblllties occurring at the 
molecular level between the nquid crystalline compounds and the aforementioned 
known additives the thermodynamic behavior of the resulting mixture often exhibits 
fii unwanted properties, such as a depression of the clearing point a reduction of the 
thermal liquid crystalline range, etc, vriien compared to the host mixture. A further 
disadvantage frequently seen Is the occumence of miscrbility probjems between the 
different components of the mbdure, which often leads to difficulties In achieving a 
unifonm orientation of the liquid crystalline materials. 

10 

In order to overcome these difficuHies the inventors of the present invention have 
developed a novel class of chiral or achiral additive components comprising at least 
one polymerizable group. The general molecular architecture of these novel additive 
components is based on a rod shaped rigid core connected to at least one residue, the 

15 latter being responsible for the partial or total suppression of ttie crystelllne or liquid 
crystalline maoromolecular order \i^hin the pure {Le» bulk) addifive component. This 
means that In their pure state the novel chfral or achiral additive components do exhibit 
low transition temperatures to the Isotropic state. The preferred low transition 
temperatures to the isotrqaic state of the new additive components according to the 

20 invention are equal or below In the context of the present invention the term 

"pure* for pure additive component should be understood in such a way that the purity 
level of the material is > 98 %, when assessing the transition temperature to the 
isotropic state. 

25 The tenii "transition temperature to the isotropic state" as used in the context of this 
invention is defined as the temperature at which the novel additive components change 
their state fn^m the crystalline or liquid-crystalline stete to the isotropic state. 

When added in appropriate concentrations to cross-linkable liquid crystalline 
30 compounds or to mixtures of cross-linkable liquid crystalline compounds, some 
structural elements of the novel chiral or achiral additive components acoonjing to the 
Invention tend to segregate finom the highly polar part of the LC compounds due to the 
molecular recognition. This in turn is leading to a reduction of the intermolecular 
interactions and . as a consequence of this also to a better Interaction with the 
35 orientation layer and thus to the formation of a monodomain. 
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For the sake of illustration purposes and easy reference those parts of the molecular 
structure of the novel additive components which are believed to be responsible for the 
partial or total suppression of the crystalline or the liquid crystalline macromolecular 
5 order within the pure additive components are indicated with dotted circles in the 
structure fonmulas of the schemes and examples listed below. 

By doping various cross-^llnlcabfe LC compounds or cross-linkable LC compound 
mixtures with appropriate amounts of the newly developed chiral or achiral additive 

10 components highly successful results were obtained in the subsequent orientation and 
cix>8&-linklng steps. In fact perfect transformation into thfdc LCP single layer films were 
achieved while leaving the optical performance and properties of the underiying (i.e. 
non-treated) host LC compounds or host LC compound mixtures unchanged. On top of 
this a considerable enhancement of the orientation speed could be achieved In 

15 comparison with the non-doped host LC compounds or host LC compound mixtures, 
this being a tremendous advantage In large-scale manufacturing processes. Another 
benefit is the improvement of the reciprocal compatibility of the components of the host 
mixtures due to the addition of the new additive components. Furthermore, v/hen 
added to cholesteric mixtures the novel additive components strongly contribute to the 

20 fast formation of a helical pitch (P)« i.e. to the fast formation of the cholesteric phase. 

Thus, the Invention provides in a first aspect mixtures, hereinafter also called mixtures 
of the invention, comprising at least one cross-linkable liquid crystalline compound and 
at least one chiral or achiral rod shaped novel additive component as described afcx^ve^ 
25 wherein the additive component has a rigid core comprising at least two fused or 
linked, optionally substituted, non-aromatic, aromatic, carbocyclic or heterocyclic 
groups, and has at least one optionally substituted alkyi residue, and has at least one 
polymerizable group. 

30 The Invention pn:>>^des in a second aspect novel chiral or achiral rod shaped 
compounds as additive components, as described above, wherein the additive 
component has .a rigid core comprising at least two fused or linked, optionally 
substituted, non-aromatjo. aromatic, carbocyclic or heterocyclic groups, and has least 
one optionally substtUited alkyI residue, and has at least one polymerizable group. 

35 
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The terni "optionally substituted" as used in the context of this invention is defined in 
the subsequent descriptive chapters. 

In a prefened embodiment the invention is directed to mesogenic, cross-linlcable 
5 mixtures comprising: 

I) a cross-linlcable liquid ciystalline host oomprising at l^st one cross-linkable 
liquid crystalline compound, and 

10 ii) at least one chfral or achinal rod shaped compound as additive component 
wherein said additive component has a rigid ooie and comprises at least two 
fused or linked, optionally substituted, non-aromatic, aromatic, carbocycllc or 
heterocyclic groups, and also comprises at least one optionally substituted alkyi 
resMue, and at least one polymerizable group and wherein the additive 
'^'"Ponent has a transition temperature to the Isotropic state of40 "Cor lower. 

In another preferred embodiment the Invention is directed to mixtures of the invenfion 
wherein the additive component has a transitfon temperature to the isotropic state of 
20 "Cor lower. 

20 

In another prefemed embodiment the invention is directed to mixtures of the inventton 
wherein the additve component has a transition temperature to the isotropic state of 
0 *C or lower. 

25 in another preferred embodiment the invention is directed to mixtures of the invention 
wherein the mixtures have a clearnig temperature of 30 *C or higher. 

In another preferred embodiment the invention is directed to mixtures of the Invention 
wherein the mbdures have a clearing temperature of 50 'C or higher. 

30 

In another prefened embodiment the Invention is directed to mixtures of the invention 
wherein the liquid crystaHrne host has a clearing temperature of 50 'C or higher. 

When added to a cholesteric mixture the novel additive components are of particular 
35 importance and interest with regard to the quick fonnation of the cholesteric phase. 
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Based on fheir specific molecular staicture the china! or achirai additive components 
according to the invention possess a distinctly pronounced ability to shorten the time 
up to the completion of the fonnafion of the cholesteric phase (in comparison with the 
time needed for the fonnation of the cholesteric phase of the reference or host 
5 cholesteric mixture). 

In the context of this invention the temns "cross-linkable LC hosf, "host LC 
compounds", "host LC compound mixtures" or "host cholesteric mixtures" mean LC 
compounds, LC compound mbctures or cholesteric mixtures prior to the addition of 
10 additive components according to the Invention. 

The tenm ''crx>8STltni<:able LC hosf as used herein may represent any cross-linkable LC 
host material such as a cross-linkable LC host compound, cross-linkable LC host 
compound mixtures and the like. - 

15 

The term ''clearing temperature" as used in the context of this invention means the 
temperature at which the transrfion to the isotropic state occurs. 

In order to avoid strong clearing point depression in the final LC compound mixtures 
20 p.e. the mixtures comprising the host LC compounds or host LC compound mixtures 
Plus one or more of the additive components according to the invention] the preferred 
rod shaped additive components are characterized in having molecular structures 
compatible with or related to the molecular structures of the main components of the 
underlying host LC compounds or host LC compound mixtures. Speaking in general 
25 terms: seen from the molecular structure level the new rod shaped additive 
components are preferably compatibie with the known liquid crystalline compounds 
used by the persons skilled in the art. 

Therefore additive components of formula (I) are the subject of this Inventfon: 

30 

A3 A4 

wherein: 
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15 



Al to A'* are independently from each other hydrogen, a polar group such 

as nitro, cyano, a halogen, an optionally substituted methyl 
group, or an optionally subsfituted hydrocarbon group of 2 to 40 
O-atoms, in which one or more C-atome may be replaced by a 
S heteroatom. in such a way that oxygen atoms are not linked to 

one another, 

with the proviso that at least cwie of to A* comprises a 
poiymerizable group, 

□"•too* are independently from each oflier optionally substituted non- 

aromatic, aromafa'c, carbocydic or heterocyclic groups, preferably 
connected to each other at the opposite positions via the bridging 
groups Zl to 

2^toZ^ are independently from each other -CH(OH>-, -CO-, -CHsCCO)-, 

-SO-. -CH2(SOK -SO^^. -CH2(SP2)-. -COO-. -OCO-, -COCF2-, 
-CF2CO-, -S-CO-, -CO-S-, -SOO-. -OSO-, -SOS-. -CH2-CH2-, 
-OCH2-. -CH2O-, -CH=CH-, <feC-, -CH=CH-COO-. 
-0C0<:H=CH-, -CH=N-, -C(CH3)=im-. -n=N- or a single oovalent 
bond, . 

a1 , a2 and a3 are independently from each other Integers from 0 to 3, such that 
20 1 sal +a2 + a3:fi3, 

with the proviso that the sequence A^-C^-(2''-C^)ai-^2^-C^)^Z^-C^)a3-A^ 
describes the long motecular axis of the rod shaped additive components. 

25 In the context of the present invention the terni "hydrocarbon' includes straight-chain 
and branched ailcylene, as weU as saturated and unsaturated groups. 

The term "optionally substituted" (mono- or poly-substitution) includes substituents 
such as alkyi, aryl and cycloalkyi groups, as well as amino, cyano, epoxy, halogen. 
30 hydroxy, nitro, oxo and other groups. 

Possible heteroatoms wrfiich may replace carbon atoms include nitrogen, oj^gen and 
sulfur. In the case of nitrogen as heteroatom further substitution is possible wrftb groups 
such as alkyi, aryl and cydoalkyl. 

35 
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The terms "alkyi? and "alkylene**, as used in the context of the present invention, 
include straight-<;haln and branched groups, as well as saturated and unsaturated 
groups. 

5 The terms "polymeri^able group" and "polymerization" as used herein are explained 
and characterized In the following: Usually two main processes are used to convert 
monomers into polymers, namely a) chain-gnawth polymerization and b) step-grofwtti 
polymerization. For the manufecture of anisotropic films based on LC monomers, 
chain-growth polymeriMtfon Is ttie commonly used process. Here all monomers have 
10 only one kind of reactive group that can react to give an active center, which rapidly 
adds to another monomer motecute, then to another, regenerating the active center 
each time. This is a typical example of a chain reaction and generally continues until 
twvo acbve centers encounter one other (deactivation). In order to generate an active 
center, through mild conditions, polymerizable monomers should carry a highly 
IS reactive functtonal group. Furthentiore. the active center must add exclusively and 
rapidly to the same polymerizable group of a neighboring monomer. To ensure these 
two polymerization conditions, both radical and cationic mechanisms are typically 
mediating chain-growth polymerlzafion processes. These are employing smooth 
radical respectivety cationic initiators that are producing radical or cationic starting 
20 residues through intramolecular decomposiUon by thenmal or by light activation. Such 
initiators are for example those used In photo-resist polymerization processes, e.g. 
Irgacure® and its derivatives. Polymerizable groups that are able to undergo rapid, 
selective and efficient radical or cationic processes are generally consisting of an 
activated carboni-carbon double bond, such as in methacrylates, acrylates, vinyl 
2B acetates, vinyl ethers or of double bonds activated by oxidation. Here the activation is 
ensured through an electron donor group (ox>^en, sulfur, etc) or an electron acceptor 
group (such as carbonyl, nitrite, carboxy, double bonds, aromatic groups, etc.) directly 
connected to the double bond. 

30 Further preferied additive components according to the invention are compounds of 
formula (I) wherein at least one of A*l to includes a polymerizable group, selected 
from a residue of formula (il) 

P-(Sp)k-(X)t- (») 

35 
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Wherein: 



is hydrogen or a polymerizable group selected from groups 
comprising CH2=CW-, CH2==CW-Ow, CH2=CW"COO-. 
CH2=C(Ph^CX)0.. CHa=CH-COaph-, CH2=CW-CCMMH-. 
CH2«C(Ph)-CONH-, CH2=C(COOR')-CH2-COO-. 
CH2=CH^OC. (PhK5H=CH-. CH3-CH=ISl-(CH2)m1-. HO. HS-. 
HO-(CH2)m1-. HS-(CH2)m1-. HO(CH2)mlCOO-, 
HS(CH2)mlCOO-. HWN-. HOC{0>.. CH2=CH-Ph-(0),n2 

t 

o 

or Hwc-W 



20 



Wherein: 

^ F, CI, BrorloraCt-ealkylgroup, 

is an integer having a value of from 1 to 9, 
"'^ 's an integer having a value of Q or 1 , 

^' is a Ci-6 aikyl group, 

^" ^ a Ci.e alkyi group, methoxy, cyano, F, a. Br 

orl. 

^ '®«"0|^™«ysul>stlluted straight or branched Ci.3oaikylene 

group. In which one or more .CH2- groups may be replaced by a 
heteroatom and/or by a polar group and/or it Is optionally 
possible that one or more carbon-carbon single bond(s) is/are 
replaced by a carbon-carbon double or a triple bond, 
k fs an integer having a value of from 0 to 4. 

X is -O-, -S- -NH-, -N(CH3K <:H(0H)-. -CH2(C0K -«0-, 

-CH2(S0K -SO2-, -CH2(S02>-. -COO-, -OCO-, -0C0-0-, 
-S-CO, -CO-S-. -SOO-. -OSO-. -SOS^, -CH2-CH2-. -OCHa-, 
-CH2O-, -CH=CH-, -CfeC-, or a single bond, 
is an irrteger teving a value of 0 or 1 . 



25 



30 

t 
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In the context of the present Invention the term "Ci-6 alkyl" shall f>referably mean 
straight-chain or branched hydrocarbon radicals having from 1 to 6 carbon atoms, such 
as for escample methyl, ethyl, propyl, butyl, Isobutyl, tert-butyl, pentyl, hexy!. but 
especially methyl, ethyl, propyl, Isopropyl orbutyL 

5 

In above formula (II) and its further characterizations the term "Ph" Is to be understood 
as denoting optionally substituted phenytene and the temn "(Phf as denoting optionally 
substituted phenyl. By the term "phenylene" it should be understood to Include 1,2-, 
1 ,3- or 1 ,4- phenylene, which is optionally substituted. It is prefened that the phenylene 
10 group is ather a 1 ,3- or a 1 ,4- phenylene group. 

The C1.30 alkylene group "Sp* may comprise branched or straight chain alkylene 
groups and may be unsubstituted, mono- or polysubstltuted by F, CI, Br, I or CN- 
Alternatively or in addition one or more of -CH^- groups present Iri the hydrocarbon 

15 chain may be replaced, independently, by one or more groups selected from -O-^ -S-. 
-NH-. -N(CH3>, -CH(OH)-, -CO-, «CH2{CO)-, -SO-, -CHaCSO)-, -SO2-, -CH2(S02)-. 
-COO-, -OCO-. -OCO-O-, -S~CO-, -COS-, -SOO-, -OSO', -SOS-, -CH=CH-, -C^C-, 
-(CF2)f- -(CD2)s- or -C(W^)=C(W2)-, with the proviso that no two oxygen atoms are 
directly linked to each other. and W2 each is, independently, H, H-(CH2)q- or GL 

20 The integers r, s and q each independently are a number between 1 and 15. 

Further prefenred compounds are compounds wherein at least one of A'' to A* of 
fonmula (I) is a group of fomnula (II): 

25 wherein: 

P 



30 



Is a polymerizable group such as CH2=^CW-, 
CH2=CW-0-, CH2=CW-COO- or 




Wherein: 

W IS H, CH3, F, CI, Br or I, 

is a C1-6 QlkyI group, methoxy, cyano, F, CI, Br 
or L 
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®P 's a Ci-22 branched or straight-chain alkylene group, in which 

one or more -CHz- groups present in the hyejrocari&on chain 
ma/ be replaced, independently, by one or more groups 
selected from -0-. -CH(OHK -SO2-, -COO-, 
5 -0C0-0-, -CH=CH-, -(^C-, -(CF2)r - . 

with the proviso that no two ojo^en atoms are direcUy linked to 
each other The integer r is a number between t and 10, 
k is 1. 

X Is -0-. -CO-. -COO-, -OCO-, -CH=CH-. -feC-, or a sinQle bond. 

more preferably -0-, -COO-, -OCO- or a single bond, 
t isl. 



15 



20 



25 



One Of Al to A* may also be, branched or straight, a Ci-Cao-alkyI, Ci-Cao-alkoxy, 
Ci-Cao-alkoxycarbonyl. Ci-Czo-alkylcarbonyl or Ci-Cgo-alkylcaitonyloxy group, for 
example methyl, ethyi, propyl, butyl, pentyl. Iiexyl. heptyl, octyl. nonyl. decyl, undecyl. 
dodecyi. methoxy, etho;qf, n-propoxy, isopropoxy. butoxy. pentyloxy, hexyioxy,' 
heptykjxy, oc^oxy, nonyloxy, decykixy, undecyloxy. dodecyloxy, methoxycarbonyl,' 
ethoxycarbonyl. propoxycarbonyl, butoxycarbonyl. pentyloxycarbonyl, hexytoxy- 
carbonyl. octyIoxycarbonyl» nonyloxycarbonyl. decytoxycarbonyt. undecyloxycarbonyl, 
dodecyloxycarbonyj. acetyl, propionyl, bulyryi. vaieryl. hexanoyl. heptanoyl. octanoyl.' 
nonanoyl. decanoyf. undecanoyl. dodecanoyl. teKlecanoyl. acetoxy, propionytoxy* 
butyryloxy. valeryloxy. hexanoyloxy, heptanoyloxy. octanoyloxy, nonanoyloxy; 
decanoyloxy. undecanoyloxy, dodecanoyloxy. terdecanoyloxy and the like; with the 
proviso that at least one of to A^* comprises a branched C3-C16 alkyi (or alkylene) 
group and/or one of A' to A* compiisea at least one ester group, preferably an 
oxocarbonyi orcarfaonyloxy group. 

Cl to c4 are preferably selected lirom: 
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ilfhx (L)„i (L)u2 (L)a3 \_N 

N_N N-N 






wherein: 

L being -CH3, -eOCHa, -NO21 -CN or halogen. 

u1 is 0,1, 2, 3, or 4, 

u2 isO. 1.2, or3, 

u3 isO, 1,or2. 

Further preferred compounds are compounds of formula (I), wherein: 



Ci to c4 are selected firom optionally substituted cyclohexyl or 

cyclohex^ene, phenyl or phenylene, naphthyl or naphthylene or 
phenanthryl or phenanthrylene, 
to Independently from each other Is hydrogen, a polar group such 

^ 5 as cyano, nitro, a halogen, or a group of formula (II) In which: 

p is hydrogen or a polymerizable group such as 

CH2=CW-, CHa^W-O-, CH2=CW^COO- or 



20 wherefn: 

W is H, CH3. F. CI Br or I, 



R*- is a Ci -6 a'M group, methoxy. 

cyano, F, CI, Br or I, 
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Sp rs a Ci.22 branched or strafght-chain alfcylene 

group, in which one or more -CH2- groups 
present fn the hydrocarbon chain nnay be 
replaced, independently, by one or more groups 
S selected from -0-, -CH(OHK -Spa-. -COO-, 

with the proviso that no two oxygen atoms are 
directly linked to each other The Integer r is an 
number between 1 and 10, 
"fO k is 1. 

X is -CO-, ^00-, -OCO-, -CH<:H-, -CM>, or 

a single bond, more preferably -COO-, 
-OCO- or single bond, 

t is 1, 

with the provfeo that at least one of A1 to A4 comprises a 
polymerizabfe group such as CH^CW-, CH2=CW-0-, 
CH2=CW-COO. or 

wherein: 

W fSH,CH3,F,CI,Brorl, 

« Ci-s alkyt gitsup. methoxy, cyano, F, CI, Br 
on. 

Further preferred .compounds are compounds of formula (I), wherein: 

25 

^1 

A compnses a polymerizable group such as GH2=CW-, 

CH2=CW-0-» CH2=CW-COO-, 
wherein: 

W isHorCHa, 
A ha$ the meaning of formula (Jl), wherein: 

P is hydrogen or a polymerizable group such as 

as CH2=CW., CH2==CW-0 or CH2=CW-COO, 

wherein: 
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W isHorCHa, 
Sp is a branched Ca-Ciealkylene group, optionally 

comprising at least one oxocarbonyl or 
carbonyloxy group, oris a straight 

5 C2-C16 all^ylene group, comprising at least one 

oxocarbonyl or carbonyloxy group, wherein one or 
mone -CH2- groups present in the hydrocarbon 
chain may be replaced, Independently, by one or 
more groups selected from -CHsCH--, -^C-, 
with he proviso that no two oxygen atoms are 
directly linked to each other, 
k isl, 

X fs -O'. -CO-, -COO-, -OCO-, -CH=CH-] -C^O, or 

a single bond, more preferably -COO-, 
-OCO- or a single bond, 

t Is1 
a"* is hydrogen. 

Further preferred compounds are compounds of fomiula (I), wherein: 
20 has the meaning of formula (II), wherein: 

p is hydrogen or a polymerizable group such as 

CH2-CW-, or CH2=CW-COO-, 

wherein: 

W is H or CH3, 

2s Sp Is a branched C3-C16 alkylene group, optionally 

comprising at least one oxocarbonyl or 

rarbonlyoxy group, or Is a stralight C2-C16 

alkylene group, comprising at least one 
oxocarbonyl or carbonylo)cy group, wherein one or 
more -CH2- groups present in the hydrocsarbon 
chain may be replaced, independently, by one or 
more groups selected from -CH=CH-, 
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-C^C-, with the proviso that no two oxygen 
atoms are directly linked to each other, 
k isl 

X 'S-0',-CO-,-COO..-OCO-,-CH=CH-.-CsC-,ora 
^ single bond, more preferably -0-, -COO-, -OCO- 

or a single bond, 
t isl. 

A comprises a poiymerizable group such as CH^CW-, 

CH2=CW-0- or CH2«CW<;00., 
*0 wherein; 

W isHorCHa. 
a"* is hydrogen. 



15 



Further preferred compounds are compounds of formula (I), wherein: 



A^ has the meaning of formula (11), wherein: 

P !s hydn^gen or a polymerizable group such as 

CH2=CW-', CH2=CW-0- or CH2*=CW-COO-» 
wherein: 

2^ W lsHorCH3, 

®P »s a branched C3-C16 alMene group, optionally 

comprising at least one oxooarbonyt or 
carbonlyoxy group, or Is a straight C2-C16 
alkylene group, comprising at least one 
oxocarbonyl or carbonyloxy group, wherein one or 
more -CH2- groups present in the hydrocarbon 
chain may be replaced, independently, by one or 
more groups selected from -O-, -CH=CH-, -C^C-. 
with the proviso that no two oxygen atoms are 
directly linked to each other, 

k isl, 
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X is -0-, -CO-, -COO-, -OCO-. -CH=CH-, or a 

Single bond, more preferably -0-, -COO-, -OCO- 
or a single bond, 

t is 1. 

comprises a polymerl^able group such as CH2=CW-, 
CHsr^CW-O-. or CH2=CW-COO-, 

W IsHorCHa, 
A* is hydrogen. 

Further preferred compounds are compounds of formula (I), wherein: 



" has We meaning of fomriula (11); where^^^ 

P is hydrogen or polymerizable group such as 

^5 CH2^CW-, CH2=CW-0- or CH2=-CW-CO0-, 

wherein: 

W IsHorCHs, 
Sp is a branctied C3-C16 alltyiene group, optionally 

comprising at least one oxocarbonyl or 

20 carbonlyoxy group, or is a straight C2-C16 

alkyleno group, comprising at least one 
oxocarbonyl or carbonyloxy group, wherein one or 
more of -CH2- groups present In the hydrocarbon 
chain may be replaced, independently, by one or 

25 more groups selected finom -CHsCH", -C^-, 

with the proviso that no two oxygen atoms are 
directly linked to each ottier. 
k is1 

X is -0-, -CO-, -COO-, -0CO-. .CH=^CH-, -C^C-, or a 

30 single bond, more preferably -O-^ -COO-, -OCO- 

or a single bond, 
t is1. 
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a3 . 

M compnses a polymerteable group such as CH2=^CW-, 

CH2=^W-0 or CH2=CW-C0O-, 

wherein: 

W isHorCHs, 
5 a"^ is hydrogen. 

Further preferred compounds an& compounds of formula (I) In which: 

A and A have the meaning of formula (H), wherein: 

P IS hydrogen or a polymerizaWe gn^up such as 

CH2=CW-, CH2=CW-0- or CHa^C W-COO-, 
wherein: 

W IsHorCHs, 

®P a branched C3-C16 alkylene group, optionally 

comprising at least one oxocarbonyl or 
carbonlyoxy group, or is a straight C2-C-16 
alkylene group, comprising at least one 
oxocarbonyl or carbonyloxy group, wherein one or 
more of -CHa- groups present in the hydrocarbon 
chain may be replaced. Independently, by one or 
more groups selected from -0-, -CH=CH-, 
with the proviso that no two oxygen atoms are 
directly linked to each other, 
k: is1 

X is -O-, -CO-, -COO-, -oca, <JH=CH-, -CfeC-, or 

a single bond, more preferably -0-, -COO-, -OCO- 

or a single bond, 
t is 1, 

3 

A comprises a polymerizable group such as CH2=CW-, 

CH2=CW-0- or CH^W-COO-. 
wherein: 

W IsHorCHa 
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A* hydrosen. 

Further preferred compounds are compounds of formula (I) referring to any of the 
preceding definftions and in which at least one of to has the meaning of formula 
5 (II), wherein: 

p is hydrogen or a pofymerizable group such as CH2=CW-, 

wherein: 

10 • W IS H or CH3, 

Sp has the meaning of formula (111) 

- R^- ■ - 

I 

(CH2)n-'-{Ynm^'-(CH2)nMB^)mMCH2)nHV^)rnMCH2)n* 

R2 



15 



(III) 



wherein: 

Y"* and each independently represent -OCO- or -^0<>, 

represents C or CH, 
R' and each independently represent hydrogen or a C1-C12 

20 alkyi residue, preferably a Ci-Ce alky! residue, such as 

a methyl, ethyls propyl, butyl, pentyl, hexyl or isopropyl residue. 
n1, n2, n3 and n4 are Independency integers finom 0 to 15. such 
that 0 £ n1 + n2 + n3 + n4 ^ 15, 

m1 , m2 and m3 are independently Integers flpom 0 to 3, such that 
25 1 :sm1 + m2 + m3je3. 

One or more -CH2- groups present in the hydrocarbon chain 
of (III) may be replaced, independently, by one or more groups 
selected from -0-, -CH=CH- or -CsO, 

with the proviso that the carbon-carbon double bond of P Is 
30 not directly connected to the carbon atom of Y^ or Y^, 
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k is 1, 

X is -o-, -co-, -coo-, -OCO-, .CH=CH., -feC^ or a single bond. 

more preferaWy -0-, -COO-. -OCO- or a single bond, 
t fsl. 

Further preferred compounds are compounds of formula (I) refemng to ariy of the 
preceding definitions and in wWch at least one of A' to has the meaning of formula 
(II), wherein: 

'to P is hydrogen or a polymerizable group such as CH^=CW-, 

CH2=CW^» CH2=CWrCOO, 
wher&in: 

W IsHorCHa 

Sp has the meaning of formula (III) 

■'S wherein: 

and each independently represent -OCO- or ^OQw, 
represents C or CH, 
is hydrogen, 

R represents a methyl, ethyl, pn^pyf. butyl.pentyl or hexyl group 
20 and most preferably a methyl or ethyl group, 

n1, n2, n3 and n4 are independently integers from 0 to 15, such 
that 0 £ n1 n2 -I- n3 + n4 :S 15, 

m1, mi and m3 are Independently Integers from 0 to 3, such 
that 1 s ml + m2 + m3 ^ 3. 

or more -CHa^ groups present in the hydrocarbon chain 
of (HI) may be replaced. Independently, by one or more groups 
selected from -0-, -CH=CH- or-CfeC-, 

with the proviso that the carbon-<:arbon double bond of P Is 
not directly connected to the carbon atom of or Y^ 
30 k isl, 

X is -Q., ^CO-, -COO-, -CH=Chh, -C^C-, or a single bond. 

more preferably -0-, -COO-, -OCO- or a single bond, 
t is 1. 

35 
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The Compounds of the invention may readily be prepared using methods that are well 
known to the person skilled in the art, such as those documented in Houben-Weyl, 
Methodon d&r Organischen Cftem/e, Thieme-Veriag, Stuttgart. The compounds may 
for e^^mple be made according to the reaction schemes given below, In vrtiich the 
5 following abbreviations are used: 

DIAD is Dlisopropyl azodicarboxyldte 
TPP IS Triphenylphosphlne 
THF is Tetrahydrofurane 
10 DMF is N,N-D?methylfonfnamide 
EtsN is Tnethylamine 
BTSS is Bis-trimethyl-silyl-sulfate 
DBU is1 ,a-Dia2:abicyclo[5.4.0]undec-7"en(1 ,5-5) 

-EDC is N^(3-dimethylaminopropyl>N'-^thylcaitodHmid^^ hydrochlpride 

15 DMAP is 4-Dimethytaminopyridine 

(PPh3)2PdCl2 is Bis-triphenylphosphine palladium dichloride 

(PPh3)4Pd is Tetrakis-frlphenylphosphine palladium 

PPTS Is Pyridinum p-toluenesulfonate 

DCC is 1,3-DlcyclohexylcarbodHmide 
20 DEAD Is Diethylazodicarbonate 

HMPT is Hexamethylphosphorous trlamlde 
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O DIAD 
TPP/THF ^' 




I 
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Scheme 4: 



5 




-24- 



38/01/2004 15:44 +4112834747 ISLERSPEDRAZZINI AG 



32/9 



-Scheme fi- 
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Scheme 6: 
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Scheme 12: 
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Scheme ^R^ 



>-OH 



Br{CH2)eCH3 1.SKlia2Dbicyclo[5.6.0Jundeo-7^® 



CHgCN 



H0-^3--O» 



OH 



EDC/DMAP 
CH2CI2 




Bis-Ctrimethylsjlyl>-sulfet 
CHPH/CH2CI2 



10 
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Scdieme 15 (Continuation): 
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30 
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Cross-Bnkable liquid ciystalllne compounds which may be used as components of 
polymerizable liquid crystalline mixtures together with compounds acconiing to the 
Invention are welf known to the skilled person. Suitable compounds are described e,g. 
in patent publications EP 0 331 233, WO 95/24454. US 5,567,349. US 5,650.534, 
5 WO 00/041 10, WO 00/07975, WO 00/48985, WO 00/55110. WO 00/63154. 

fit least one of the cross-linkable ifquid crystalline compounds used in the mixtures 
comprising an additive component according to the invention possesses at least one 
polymerizable group In the chemical structure in order to enable cross-linking. For 
10 improving the cross-linking capacity the addition of compounds incorporating two or 
more polymerizable groups, so called cross-linkers, may also be considered. 
Furthermore, known stabilizing agents such as e.g. phenol derivatives for stabilization 
purposes may be added. Furthermore initiators like e.g. Irgacure^'aiie in general part of 
the reaction mixture. 

The appropriate form of the liquid crystalline material wHI depend upon the application 
for virtiich it Is to be used and may be present as a liquid crystalline mixture, 
{co)polymer, elastomer, polymer gel or polymer network. Polymer networi<:s have been 
found to be of particular use and in a furiJher preferred embodiment of the Invention 
20 there is a polymer network provided comprising one or more compound{s) of formula 
(I). The polymer networic comprises at least two components, at least one of which Is 
an additive component of formula (I). 

The polymer network may be prepared by polymerization of a mesogenic mixture 
25 comprising: 



i) one or more chlral and/or achlral mesogenic polymerizable compounds 

ii) one or more chiral and/or achlral additive components of tbrmula (I) 

iii) an initiator 

30 jv) optionally one or more chiral additives 

v) optionally one or more dyes 

vi) optionally one or more cross-linkers 
yii) optionally one or more stabilizers 
viii) optionally one or more plastic'izers 

35 
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The chlral or achiral mesogenic polymerizable compounds may be selected from 
Known mesogenic materials such as from thqse referped to above and also from other 
mesogenic mat^ls. Preferably the chlral or adiiral polymerizable compounds Include 
the nemaUac phase in their thermotropic sequence. 

5 

The polymer network may optionally comprise further components. As outlined above 
this may include further polymerizable compounds, stabilizers and dyes. The further 
polymerizable compounds may be plasticizers having at least one polymerizable 
ftinctional group, or cross-finkers having at least one polymerizable functional group, 
10 especially diacrylate groups. 

Any suitaWe statditzer that prevents undesired spontaneous polymerisation, for 
example during storage of ttie mbctune. may be used in the fjquid crystalline mixture 
acoording to the inventioh: A broad range of these compounds is commercially 
IS avffllable. Typical ^mpies include 4^flTO}{yphenol or 2,6-di-*ert-butyi-4-methylphenol 
(BHT). 

If color filters are required, dyes may be added to the mixture. In a preferred 
embodiment of the invention the liquid crystalline polymer mbdure contains no dye. 

20 

The chlral or achiral polymerizable, cross-linkable mesogenic compound(s) may be 
present in an amount of 0.01 to 99% by weight of the liquid crystalline polymer mixture, 
preferably SO to 95% by ^ight. 

2S The additive component{s) of formula (I) may be present in an amount of 0.1 to 50% 
by vfelght of the liquid crystalline polymer mixture, preferably in an amount of 1 to 30% 
by weight, even more pnsferably in an amount of 1 to 10 % by weight 

The Initiator is preferably a photo-in«tlator and may be a radical or cationic initiator that 
30 is present in an amount of 0.1 to 5% by weight of the liquid crystalline polymer mixture, 
preferably in an amount of 0.2 to 2% by weight 

In case the «^oss^lnkable liquid crystalline compound mixture further comprises a 
stabilizer, the latter is generaHy present In an amount of 0.01 to 5% by weight of the 
35 liquid crystalline mixture, pr^erably In an amount of 0,1 to 1% by w^ght 
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These cross-linkable, polymerizable Tiquid crystalline mixtures may be formed into 
liquid crystalline polymer (LCP) films and a further aspect of the invention provides an 
LCP film oomprtsing a compound of formula (I). LCP films may be readily prepared by 
UV polymerization of a liquid crystelllne polymer mixture according to the invention: a 
5 film comprising the liquid crystalline mixture acconding to the Invention is fomied on a 
substrate and polymerfeed using UV light to give a cross-finked liquid crystalline 
polymer (LCP) fflm. The film is resistant when exposed to light and temperature and 
can be used in the manufacture of devices such as waveguides, optical gratings, 
filters, retarders, polarizers, piezoelectric cells or thin films exhibiting non-Bnear optical 
10 properties. 

Different methods can be used for the formation of the desired LCP networks, starting 
from the polymerizable UquM crystalline mixtures as described above. Transparent 
substrates such as glass or plastic substrates, coaled with Indium tin oxide (ITO) may 

15 be used. For the preparation of LCP films, it is parecuiariy important to avoid ttie 
formation of defects or inhomogenities. Thus preferred sul>strates include glass or 
plastic, especially those including a layer of rubbed polyimide or polyamide or a layer 
of photoHDriented photopolymers (LPP). Said layers are used to facilitate unifoim 
orientation of the liquid crystalline mbdure. Uniform orientation can also be achieved by 

20 forming the poiynnerizable liquid crystalline mixture into a thin film using standard 
coaCng methods known per se on the aforementioned substrates and shearing the 
obtained film over a small distance or over the coated distance until a homogeneous 
orientation is obtained; or by capillary filling the polymerizable liquid crystalline mixture 
between two of said substrates; prior to curing, for example by UV liglit. preferably in 

25 the presence of a photo-initiator Such as Irgacure® 

A further aspect of the Invention provides an unstructured or stmctured optical or 
electro-optical component and muHi-layer systems comprising a polymer network or a 
liquid crystalline polymer film comprising a compound of formula (I). The optical or 
30 electro-optical component may be a waveguide, an optical grating, a filter, a retarder, a 
piezoelectric cell or a nonlinear optical c^l or film. 

In the following the invention will now be described with reference to 
Examples 1 to 11. Variations of these examples failing within the scope of the 
35 invention will be apparent to a person skilled in the art. 
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The abbreviatfon Tiso "sed herein below means the temperature at which the 
transition to the isotropic state occurs. 

5 

EXAMPLE 1 

Preparation of Additive No, 1: 

(D,LH4-{I4-({6-[2-(acryloy1oxyVl -methy1ethoxyl-6K)xohexyl}oxy)benzoyiloxy}-2- 
10 methylphenyl 4^{6-[2-<acryloyIoxy)-1-methylethoxyH-oxohexyl}o:>V)^^ 




15 a) 4-(tetrahydro-2H-pyran-2-yloxy)ben20ic acid: 




To an ice-cooled mixture of 4-hydroxyben20ic acid (13.81 g) In 250 ml of diethylether 
20 containing 1,98 g of pyridinium p-toluenesulphonic acid, 3,4-dihydro-2H-pyran (16 g) 
was drop wise added. After complete addition stirring was continued at temperature 
below +8 for 4b and the white precipitate was filtered off, washed twice with 1 00 ml 
of +4 pre-cooted diethylether and dried to give nearly pure 4^tetrahydra-2H-pyran- 
2-yloxy)benzoic acid as white powder. 

25 

Yield: 15 g. 
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15 



20 



b) 4-K4-hydraxybenzoyl)oxy]-2-methylphenyl 4-hydroxyben2oate: 

O 



HO- 




To a solution of 4-(tetfahydro-2«-pyran-2-yloxy)benzolc acid (4.44 g), 2- 
methylben2ene-1,4-dlol (1,2 g) and DMAP (0.12 g) in 100 ml of CH2CI2. EDO (4 g) was 
added. After being stirred for 6 h at room temperature, the reaction mixture was filtered 
over a short silica gel column using CH2CI2 as eluent. The obtained fiKrate was 
evaporated to dryness, then refluxed In a mixture of THF and methanol (15 ml / 70 ml) 
in the presence of 0.4 g of pyridlnlum p-toluene sulfonate for4 h. The reaction mixture 
was then quenched with 3 g of NaHCOa, filtered over 20 g cetlte and evaporated to • 
dryness. The obtained white solid was stirred in a mixture of ethanol / HQ (2N) for 30 
min then filtered off. washed wim water and dired. This gives nearly pure 4-[(4- 
hydroxybenzoyl)o){yJ-2-methylphenyJ 4-hydn>xyben2oate as white powder. 

Yield: 4.8 g. 

c) 2-[(6-brcmiottexanoyl)o]^ propyl aciylate: 




To a 0*C cooled mixture of S-bromohexanoic add (9.89 g). 2^iydroxypropyt acrylate (6 
25 g). in CH2CI2 (30 ml). EDC (7.89 g) w/as added. After being stirred for 30 min the 
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reaction mWure was diluted with additional 20 ml of CHsCb and stining was continued 
for 16 h at room temperature, it was then fatered over celite and the filtrate was 
evaporated to dryness. 7He obtained l)eige-yeilow residue was purified by sOica 
column chramatography to give neariy pure material as transparent oil. 

5 

riBld:7.eg. 

d) 4.{[4-({6-[2-(aciyloylo)qf>1 -melhyletlio)Qr>6-o5<ohe>Qrl}oxy)benzDylloxy}-2- 

methylphenyl 4-({6-I2-(acryIoyloxy)-1-methylethoxy]-6-oxohexyl)oxy)benzoate: 
10 Additive No. 1: 




A mixture of 2-K6-bromohexanoyl)oxylpropyl aciylate (4.1S g), 4-{(4- 
hydroxyben2oyl)oxy]-2-methylphenyl 4-hydroxybenzoate <2.24 g) and KaOOs (2.55 g) in 
2-butanone (40 mi) was heated at 100*C overnight. The reaction mixture was poured 
Into HC1 1 N (50 ml) and extracted tvwce with 80 ml of diethstether. The etheral ©dracts 
wera dried over NajSO* and evaporated to dryness. The obtained pasty residue was 
purified by silica column chromatography to give nearly pure 4-{[4-({6-I2-(acryioyloxy)- 
1-methylethoxyl-6-oxohexyl}oxy)benzoyiloxy}-2-methylphenyl4-{{6-l2-(acryioyloxY)-1- 
methylethoxy]-6-oxohexyl}oxy)benzoa1ie as slightly yellow oil. 



Yield :1.34g 
T»o : -38.2 "C 

25 
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EXAMPLE 2 

Preparation of Additive No. 2: 

<R,S)-2-[(4'-cyano-1. r-brphenyl^yl)oxylpropyl 2-methytacryIate 




10 



15 



To a -25 -C cooled mixture of 4'-hydfoxy-1.1'-bipheny/-4-cart}onitrite (1.95 g). 
2-hydroxypropyl 2-methylacryIate (1.46 g) and triphenyl pJiosphine (2.63 g) in 15 mi of 
THF. a sblutaon of DIAD (2.03 g) In 5 ml of THF was drop wise added. After complete 
addition {1S min) the reacUon mixture was graduaUy allowed to teach room • 
temperature and etirrtng was maintained for further 8h. The ol>talned reaction mixture 
was then evaporated to dryness and the obtained orange residue was purified by silica 
gel column chromatography. This gives pure 2.r(4^cyano-1.1'-biphenyf-4.yl)oxy]propyi 
2-methylacrylate as transparent oily rnaterial. 

Yield: 2.4 g. 
Tiso I -28,3 °C 



20 



EXAMPLE 3 



26 



Preparation of Additive Is|q,^ - 

(2S>2-methytbutyl2>bist(4-{[8-(aciyloylaxy)hexylJo)Qi)benzoyl)oxy]benzoafe 




o 
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a) (2S)-2-methylbutyl methanesulfbnate: 




S To a -25 *C cooled solution of (2S)-2-methylbutan-1-ol (8.8 g) and triethylamlne 

(30 ml) in THF (50 ml), a solution of methaiiesulfonyl chloride (1.14 g) in THF (10 ml) 
was drop wise added. After complete addition (15 mln) the reaction mixture was further 
stirred ftor 2h at -10 "C then ftor 30 mln at 0 ''C. It was then fittBred over celite and 
evaporated to dryness to give nearly pure (2S)-2-methylbutyI melhanesuifonate as 

10 yellowish oil. 

Yield: 16,5 g. 

b) (2S>-2-methy!bu^l 2,5-dihydro)qi3enzoate: 




o 



To a solution of 2.S-dlhydroxybenzDlc add (15.4 g) in DMF (50 ml) DBU (15.3 ml) was 
drop wise added. After complete addition (10 min) stiiring was continued for 30 min at 
room temperature, then a solution of (2S)-2-methylbutyl methanesulfonate (16.4 g) in 
DMF (20 ml) was added drop wise. After complete addition (30 min) the reaction 
mixture was heated to 80 "C for 6 h. It was then cooled to room temperature, poured 
Into saturated solution of NaHCOs (200 ml) and extracted with ethyl acetate 
(2 X 300 ml). The combined extracts were dried over Na2S04 and evaporated to 
dryness. The obtained dark ofly residue was purified over siBca gel oolumn to give 
nearly pure (2S)-2-methylbutyl 2,5-dlhydroxybenzoate as beige oil. 

Yield: 22 g. 

! 
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c) {2S>-2-methyJbutyl 2,5-bis[(4-{[6-(acryJoyloxy)hexylJoxy}ben2oyl)D;q^lbenzoate; 
Additive Nr. 3: 




5 

A mixture consisting of 4-{[6-(acryloyloxy)he)cyri]o)^}ben2ofc acid (2.92 g), (2S>2- 
methylbutyJ 2.5-dihydroxyben2oate (1.1 g), DMAP (0.24 g) and EDC (2 g) in CHaQa 
(30 ml) was stirred for 6 h at room temperature. The yellowish reaction mixture was 
then evaporated to dryness and the obtained pasty residue was purified by column 
10 chromatography over silica to give nearly pure material as transparent oil which 
becomes pasty upon standing for about 24 h. 

Yield: 3,2 g. 

IS 

EXAMPLE 4 

Preparation of Additive No. 4: 
20 (R.S)-2-[(4*-cyano-1, 1'-biph6nyl-4-yl)oxy]propyl acrylate 




To a 0 "C cooled mixture of 4'-hydra3Qir-1 , 1'-bIph6nyl-4-carbonttrile (12 g), 2- 
hydroxypropyl acrylate (10.4 g) and triphenyl phosphine (15.8 g) in 400 ml of THF. 
DIAD (13.7 g: 13.1ml) was dropvwse added. After complete addition (15 min) the 
reaction mbdure was gradually allowed to reach loom temperature and stirring was 
maintained fdr further 70h. The obtained reaction mixture was then evaporated to 
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dryness and the obtained orange residue was purified by silica gel column 
chromatography. This provides pure 2-K4*-cyano-1,1'-biphenyl-4-yl)oxy]propyi aciylate 
as transparent oily materiaL 

5 Yield: 11-2 g. 
Tiso : -28.1 *C 



EXAMPLES 

10 

Preparation of Additive No, 5: 

(R;S)-2-[4-(phenylethynyl)phenoK!/lpropy)2-methylacr^ate 




15 

a) 2-<4-bromophenoxy)propyl 2«methylacryiat6: 

20 Following the same preparation procedure of Example 2, the reaction was carried out 
with 4"hydrDxy bromophenol (4 g), 2-hydroxypropyl 2-methylacryIate (3.33 g). Iriphenyl 
phosphlne (6,06 g) and DtAD (4-89 g) In 50 ml of THF to give after chromatography 
purification pure 2-(4-bromophenoxy}propyl 2-methylacrylate as pale yellow oiL 

25 Yield: 4.8 g, 

b) 2-[4-(pheny!ethynyl)phenoxyJpropyl 2-methylacrylate; 
Additive No. 5: 

30 A degassed mixture consisting on 2-C4-bnDmophenoxy)propyi 2-methylacrylate 

(2,99 g), ethynylbenzene (1^ g), Pd (PPh^M (0.11 g), Cul (0.02 g) in triethalymfne 
(50 ml) was maintained under nitrogen atmosphere and refluxed for 5 h. The cooled 
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reaction mixture was filtered over celite and the filtrate was evaporated to dryness. The 
obtained dark oily residue was purified by chromatography on silica to give nearly pure 
2-I4-(phenylethynyl)phenoxy]propyl 2-methylacryIat6 as yellowish oil. 

5 Yield: 0.71 g. 
Tto-- -36.1 



10 



EXAMPLES 

Preparation of Additive No. 6 : 

a^{2>bis[(4^[6-(aciyloyIoxy)he)^Qoxy}t»en2oyl)oxy]ben2oyl>oxy)octyltetrah^ 
^rancartxBQlate 



15 




a) 8-chlorooctyi tetrahydro-2-furancarbo)Q^late: 



20 



25 



A solution of N-(3-Dimethy[aminopropyf)-N'-ethylcarbodiimide hydrochloride (5.7 g) in 
dichloromethane (100 ml) was slowly added to a solution of 8K:hloro-1-octanol (4.1 g). 
tetratiydro-2-furancarboxyBc acid (3.5 g) and 4-dimefhylamtnopyridine (1 .5 g) in 
dichloromethane (SO ml) at 0*C. The mixture was stin-ed overnight at room 
temperature. The rasult&ig solution was then added to water (500 ml) and extracted 
with dichloromethane (3x 200 ml).The combined organic layers wei© washed with 
water (2x 200 ml), dried over magnesium sulphate and fUtered. The solvent removed In 
vacuum. The residue (7 g) was purified by column flash chromatography on silica gel 
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10 



using tolu«ie/ethyl acetate (90:10) as eluenl to give 8-chlorooctyl tetrahydro-2- 
furancarboj^late. 

Yield: 6.9 g 

c) 8-[(2,5~dihydroxybenzoyJ)oxy]octyK6trahydro-2-fijran<»rboxy^ 



A mbdure of 2,5-dlhydraxybenzoic acid (3.9 g), 1 ,8-dfazobicycloI5.5.0]undeo7-6ne (3.8 
g), 8-chIorooctyl tetfBhydiPO-2-furancarboxy1ate (6.0 g), potassium iodide (30.2 g) and 
acetonitrile (110 ml) was heated, under reflux for 72h.The cooled reaction mixture was 
added to water (500 ml) and extracted with ethyl acetate (3x 100 ml).The combined 
organic layers were washed with lN-hydrochloricacid (150 ml) and water (2x 15 ml), 
dried over magnesium sulphate and filtered. The solvent was removed in vacuum. The 
residue (8.0 g> was purified by column flash chromatography on sBtoa gel using 
toluene/ethyl acetate (3:1 ) as eluent. to give 

8-[(2,5-dihydroxyberaoyl)03vIoc^ltetrahydro-2^iancarbojQrtate as colourless oil. 
Yield: 7,2 g 

d) &-({^>blst(4H[t6Kacryloyloxy)hexiflox^enzoyl)oxy]benz»yl}oxy)octyl 
tetrahyc^2-furancarbo;^ie: 




25 
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A solution of N-{3Hjlmetliylaininopropyl)-N'-ethylcart>odiimide hydrochloride (3.8 g) In 
dichlonjmethane (70 ml) wad slowly added to a solution of 8-[(2.&- 
5 dihydroxybenzo^)oxy]oc^ltelrahydrD-2-furancarboxylate (3.0 g), 4-(6- 

acryloylhexyloxy)benzoic acid (5.8 g) and 4-dlmehylamlnopyridine (0.5 g) In 
dichloromethane (60 ml) at CC.The mixture was stirred overnight at room 
temperature. The resulting solution was then added to water (350 ml) and extracted 
with dichloromethane (3x 150 ml).The combined organic layers were washed with 
10 water (2x 1 50 ml), dried over magnesium sulphate and filtered. The solvent removed ii 
vacuum. The residue (10.2 g) was purified by column flash chromatography on silica 
gel using toluene/ethyl acetate (83:1 7) as eluent to give 8-({2.5-bist(4-{t6' 
{acryloyloxy)hexyl]ojv}benzo(yl>5xy]benzoy|)o>y)octyltetrahydro-2-furanca^ 

15 Yield: 4.0 g 
Tbo ; 27 "C 



EXAMPLE 7 

20 

Preparation of Additive No. 7: 
8-(2-furylmethoxy)-&-oxDoc^ 2,5-bisI(4-{[6- 
aCTyloyIo)Qf)hexyl]oxy}ben2»yl)o)y]benzoat6 
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a) 2-furylmetbyl S^5romooctanoate: 

5 




A solution of N-(3-Dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (7.3 g) In 
dichloromethane (150 ml) was slowly added to a solution of 2-liirylmelhano! (2.9 g) 8- 

10 bromooctanoic acid (S.O g) and 4-dinnethylaminopyr1din6 (1 .2 g) In dl«shlorom©*ane 
(50 ml) at 0°C. The mixture was sfimKl ovwnight at room temperature. The resulting 
solution was then added to vwater (500 ml) and retracted with dichloromethane (3x 150 
ml).The combined organic layers were washed with water (2x 200 ml), dried over 
magnesium sulphate and filtered. The solvent removed in vacuum. The residue to give 

15 2-jfurylmeBiyl 8-bromooctanoate. 

Yield: 7.8 g 

20 b) 8-(2-furyfmethoxy)-8-oxooclyl 2,5-dihydro)Qrt>enzoate: 
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A mixture of 2,5-dihyclroxyben2oic acid (4.8 g), 1,8-ciiazoblcydot5.5.0]undec-7-ene (4.7 
g), 2-furylmethyt 8-bromooctanoate (7.8 g) and acetonitrile (150 ml) was heated, under 
reflux for 18h. The cooled reaction mixture was added to water (500 ml) and extracted 
with eltiyl acetate (3x 200 ml). The combined organic layere were washed with 1N- 
hydrochloric acid (150 ml) and water (2x20 ml^dned over magnesium sulphate and 
filtered. The solvent was removed in vacuum. The residue (8.4 g) was purified by 
column flash chromatography on sOica gel using toluene/ethyl acetate (5:1) as eluent 
to give 8-(2-^lmethoxy)-8-oxooclyi 2,5Kilhydroxybenzoate as colouriess oil. 

Yield: 6.8 g 

c) 8-(2-furylmethoxy)-8-05«)oc^ 2,5-bisK4-{[$- 
(acryloyloxy)hexyl]oxy}ben2Dyl)o3^]benzoate: 




o 




A solution of N-(3-dimethylaminopropyl)-N'-ethylcart)odllmlde hydrochloride (4.8 g) lr» ■ 
dichloromethane (60 ml) was slowly added to a solution of 8-(2-furylmethoxy)-8- 
oxooctyi 2,5-dihydroxybenzoate (3.7g). 4-(6-acryloy!hexyloxy)benzoic acid (7.3 g) and 
4-<IimethyIaminopyridine (0.6 g) in dichloromethane (150 ml) at O-'C. The mixture was 
stirred ovemight at room temperature. The resulting solution was then added to water 
(600 ml) and extracted with dichloromethane (3x 200 ml). The combined organic layera 
were washed with water (2x 200 ml), dried over magnesium sulphate and filtered. The 
solvent removed In vacuum. The residue (10.4 g) was purified by column flash 
chromatography on silica gel using toluene/ethyl acetate (95:5) as eluent to give 
8-{2-furylmethoxy)-8-oxDOct^ 2.5-bls[{4-{l6- 
(acryloyto)(y)he>^]oxy}bena>yl)oxy]benzDate. 



Yield: 4.8 g 
Tiso : 33.1 *C 
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EXMAPLE8 

Preparation of Addith/e No. 8: 

Heptyl 2,5-bis{[4-({B-oxo-B-|2-<vir*yloxy)ethoxyl^^ 



f 
I 



V 





a) Heptyl 2,5-dihydnoxybenzoate: 



15 



20 




A mi>dure of 2.5-dihydrQxyb6n2Dic add (28 g), 1,8-diazobicyclo[5,5.0]uncleo-7-ene 
(27.6 g), 1-bromo-heptane (39 g) and acetonitrile (380 ml) was heated, under refkix for 
18h. The cooled reaction mfxlure was added to water (1000 ml) and ^dracled with 
ethyl acetate (3x 400 ml). The combined organic layers were washed with 1N- 
hydrochloric add (300 ml) and water (2x 400ml), dried over magnesium sulphate and 
filtered. The solvent was removed in vacuum. The residue (40 g) was purified by 
column flash chromatography on silica gel uang toluene/ethyl acetate (9:1) as eluent. 
to give heptyl 2,5-dihydroxyt)enzoa!te. 



25 



Yield: 40 g 



30 
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15 



20 



25 



b) 4-{I6-(teirahydro-2H-pynan-2-yIoxy)hexyaoxy}benzoic add: 




5 A solution of 3.4-Dihydro-2H-pyran (24.7 g) was added drop wise at room temperature 
to a solution of 4[(6-hydroxyhexyl)oxy]ben20lc acid (35 g), to!uene-4-suifbnic acid 
monohydrate (1 .8 ) in diethylether (440 ml) and stirred at room temperature for 
18h.TTie resulting mixture was filtered over Hyflo Super Cel (FLUKA), organic solvents 
were removed in vacuum. The residue (60 g) was purified by column flash 
iO chromatography on silica gel using toluene^ethyl acetate (1 :1 ) as eluent.to give after 
crystallisation from ethyl acetateA^e)«ane (5:40) 4{I6(tetratqrdro-2H-^yran-2- 
yl<»QOhexyl]oxy}benzote acid. 



Yield: 32 g 



c) Heptyl 2.5-bisE(4^tetrahydro-2H-pyran-2.yloxy)hexylloxy}ben2oyl)oxylben2oate: 





A solution of tvKS-Dimethylaminopropyiyivr^thylcaitodiimlde hydrochlorfde (7.7 g) in 
dichioromethane (120 ml) was slowly added to a solution of heptyl 2,5- 
dihydro)Qrt»enzoate (5 g). 4-{[6-tetrahydro-2H.pyran-2-y!oxy)hexyl]oxy}benzoic acid 
(16.0 g) and 4-dimethylaminopyrldin (1,2 g) in dichioromethane (150 mi) at 0 °c. The 
mbdure was stirred overnight at room temperature. The resulting solution was then 
added to wafer (600 ml) and extracted with dichioromethane (Sx 200 ml). TTie 
combined organic layers were washed with water (2x 200 ml), dried over magnesium 
sulphate and filtered. The solvent removed in vacuum. The residue (22.2 g) was 
purified by column flash chromatography on siGca gel using toluene/ethyl acetate (9:1) 
30 as eluent. to give heptyl 2.5-bis[(4-{[8-(tetrahydfXJ-2l+pyian-2- 
yfoxy)hejqrf]o)Qf}bena>yl)oxy]benaoate, 
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Yield: 14.7 g 

d) Heptyl 2,5-bte(i4^(6-hydroxyhexyl)oxylbenzoyl)oxy)benzoate: 

5 




Bis-(trimethyJsilyl)-s"l^t (0.5 9) were added to a solution of heptji^ 2,5-bM{4-[(6- 
hydro3Vhe»v0O3Vlbena>y0<»5Qf)ben«>ate {14.7 g) in mettianol (250 ml) and 

10 dichloromettiane (40 ml). The reacfion mixlure was heated, under reflux fcr 2h. The 
cooled reartlon mixture was added to water C700 ml) and extracted with ethyl acetate 
(3x300 ml).The combined organic layers were washed with saturated sodium 
hydrogen carbonate solution (2x 200 ml), dried over magnesium sulphate and filtered. 
The solvent was removed in vacuum, the residue to gwe heptyl 2,5-bls({4-[(6- 

15 hydroxyh«<yl)o3{ylbenzoyl}oxy)benzoate. 

Yield: 9.7 g 

e) 6-t4-({4-K6-carboxypen^)oxy]benzoyI}o:v)-2- 
20 [(heptyloJv)carbonyl3phenoxy)carbonyl)pheno3vPiexanolc add: 




25 

Hepty12,5-bis({4-[(6-hydroxylie3Ql)oxylbenzoyl}oxy)ben2oate (7.2 g). sodium hydrogen 
carbonate (3.6 ) and potassium bromide (2.5 g) were dissolved in dichtoromelhane (50 
ml) and deiorused water (50 ml) and the two-phase reaction mixture was cooled to 0*C. 
After the addition of 2,2,6,6,-tetnamethyl-piperidlne-l-oxyl ( 31 mg), 9.9%-aqueous 
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sodium hypochlorite (45 g) were added under vigorous stirring at 0»c over 0.5h. After 
addifional stirring at 0 "C for 3h the reacBon mixture was acidified with 6N-hydrochloric 
acJd and the excess of the sodium hypochlorite was destroyed with aqueous sodium 
bisulfite. The aqueous layer was extracted with dichloramethane (2x100 ml) and both 
5 organic layers were washed with 1 0%-brine (2x 80 ml), dried over magnesium sulphate 
and filtered. The solvent was removed in vacuum, the residue to give 6-t4-({4-|(6- 
cart)oxypan^)oxy]benzoyl}o}Qr)-2- 

[(hep^lo3qr)carbonyllphenoxy)cari3onyl)ph6no)v]hexanoic acid. 
10 Yield: 4.0 g 

f) HeptyI2.54>is{[4-({8-oxQ-e-I2-<vinyloxy)ethO)Q(]hexyl}oxy)l»nzoyll^^ 



15 




A solution of NKS-Dimethylaminopropyi-N'-ethylcarbodnmide hydrochloride (0.44 g) in 
dichloromethane (20 ml) was slowly added to a solution of 6-i;4<{4[(5. 

20 cart>oxypentyl)oxyll3enzoyi3oxy)-2-Kheptytoxy)carbonyqphenoxy}cart)onylphenosx^ 

hexanoic acid (2.0 g). 2-(viny1oxy)ethanol (0.6 g) and 4-dimethylaminopyridine (0.17 g) 
in dichloromethane (SO ml) at 0 *C. The mixture was stirred overnight at room 
temperature. The resulting solution was then added to water (150 ml) and extracted 
with dichloromethane (2x 60 ml). Thex»mbinBd organic layers were washed with water 

2S (2x 60 ml), dried over magnesium sulphate and filtered. The solvent removed in 

vacuum. The residue (2.1 g) was purified by column flash chromatography on silica gel 
using toluene/ethyl acetate (92:6) as eluent. to give heptyi 2.5-bis^[4({6-oxo-6^2- 
(vinyloxy)ethoxylhexyl)Qxy)benzoylloxy}benzoate. 

30 Yield: 0.3 g 
Tiso : 10.2 'C 
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Advanteaes of tislna eomopuneis of form u la »t for improvinq the manufacture of LCP- 
fMms are demnnatmted in the followina examples by comparison. 

For the orientation of the LCP layers photo-orientated (LPP) layers were used. These . 
photo-oriented layers were obtained through application of the linearly photo- 
polarizable aligning (LPP) technique (cwntact-free alignment of LPP-mbttures suitable 
for linear photo-poi^eiization, using polarized light). 

The LPP layers used herein bekw were produced according to the foHowing 
procedLBB: 

The cleaned glass substrate was coated with a 2-3 % cyclpentanons solution of 
Staraliisiri 2110 (LPP mixture commercially available from Vantico). The solution was 
spin-coated at a speed of 2000 rpm which resulted in a thin polymer layer of about 40 
nm. Then the layer was annealed at 180 'C for 10 minutes followed by irradiation with 
linear polarized UVB light (approx. 1 J/cm^). 



20 EXAMPLE 9 

pemonatratina acceleration of orientation due to add itive components according to the 
invention 

25 a) The following polymerizable cholesteric mixture(l) was formulated: 

- 4 % Chiral compound LC756 (commercially available from BASF) 

- 95 % LCP compound LC242 (commercialty available from BASF) 

- 1 % Irgacure 184 (Photoinitiator, commercially availal^ from Cll>a) 

,30 

The aforementioned host mixture did rw>t contain an additive compound 
according to the Invention and thus was used as oomparafivB example. 

The mbdure was dissolved in Anisole (Merck) (50 % by weight) and spin-coated 
35 on a glass substrate pnsvided with above quoted LPP-orlentafion layer. Spin- 
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coating parameters: 700 UpM/1 Minute resulting in a 4.5 Mm thick layer. Then 
the sample was heated to 85 and the remaining solvent was allowed to 
evaporate. 

This treatment created a polydomain film with a dense net of disdination lines 
leading to a strongly scattering texture. These disdination lines were reduced 
during annealing and a yellow color appeared. But the layer remained strongly 
scattering even after 15 minutes of annealing. 

In the next experiment the 95 % LC242-component of mixture(l) was replaced by 
85 % LC242 filus 10 % of Additive No. 2. (R.S)-2-K4'-cyano-1.1»-.biphenyI-4- 
yOoxyl propyl 2- methylacrylate {Example 2), while keeping the concentrations of 
the other compounds constant Then «ie treatment as described above under 
9a) was repeated. 

In this case the disdination lines vanished slowly during annealing and a green 
eflecdon band appeared. After 5 minutes the film v^s only weakly scattering and 
showed the typical reflection band. 

In a further experiment the 10% part of Additive No. 2 used in above mixture 
described under 9b) was replaced by 10 % of Additive No. 4. (R.S>-2-K4'-cyano- 
1 ,1 -biphenyt-4-yI)oxy]ppopyl acrylate (Example 4), while keeping the 
concentration of the other compounds constant Again fte treatment of 9a) 
was repeated. A layer of 5 fun was produced. After about 6 minutes the layer 
was oriented and showng an only weakly scattering red reflection band. 

d) In a further experiment the 1 0% part of Additive No. 2 used In above mixture 
described under 9b) was nsptaced by 10 % of Additive No. 3. (2S)-2-methyIbutyl 
2,5.bis[(4-{[&<acryloyloxy)hexylloxy}benzoyl)oxy]benzoate (Example 3), vrfiile 
keeping the concentration of the other compounds constant Again the treatment 
of 9a) was repeated. A layer of 5.1 pm thickness was produced. After about one 
minute the layer was nearly perfectly orienteted showing a cholesteric 
monodomain with a few well separated disdination lines. The reflection band was 
centered around 588 nm. 



10 b) 



75 



20 c) 



25 
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e) In a f urUier experiment the 1 0% part of Additive No. 2 used in above mbctuine 
described under 9b) was replatsed by 10 % of Additive No.1 , (D,L)-4-aM<^I2- 
(acrifloyloxy)ethoxyl.*-oxohexyl}oxy)benzoylloxy}-2.m^ 
(aciyloyloxy)etho3<yl-6-cxohe)Qrt}oxy)benzDate (Example 1), whUe keeping the 
concentration of the other compounds constant- Again the treatment of 9a) was 
repeated- A layer of 5-9 pm thickness v^s produced. After about S miniites the 
layer was nearly perfectly orientated showing a cholesteric monodomain with a 
few well separated disclination fines. The reflection band was centered around 
605 nm- 

f) In a further experiment the 1 0% part of Additive No. 2 used in above mixture 
described under 9b) was replaced by 10 % of Addftive No. 5. (R,S>-2-t4- 
(phenylethynyI)phenoxy]propyl 2-methy!acrytete {Example 5). while keeping the 
concentration of the other compounds constant Again the treatment of ea) was 
repeated. A layer of 5.4 pm thickness was produced. After atraut 1 minute the 
layer was nearly perfectly orientated showing a diolesteric monodomain vwth a 
few well separatad disclination lines. The reflection band was centered around 
590 nm. 

20 g) In a further experiment the 95 % LC242 component of mixture I was replaced by 
93 % LC 242 plus 2 % of Additive No. 6 . 8-({2,5-bist(4-{[6- 
(acryloyloxy)hexylloxy}benzoyl)oxy]ben2oyl)oxy)octyl tetrahydn>'2- 
furancarboxylate (E)«impte 6). while keeping the concentration of the other 
compounds constant Agalnthetreatment of 9a)was repeated. A layer of 6,2 

25 thickness. was produced. After about 20 seconds the layer was orientated 

showing a weakly scattering red reflection band. After 3 minutes all disdinations 
had disappeared. 

h) In a further experiment the 1 0% part of Additive No. 2 used In above mixture 
30 described under 9b) was replaced by 1 0 % of Additrve No. 7. 8-(2-furylmethoxy)- 

S-oxooctyl 2,5-bis((4-{[6-acryloyloxy)hexy1]oxy}benzoyl)oxylbenzoate (E>^mple 
7), while keeping the concentration of the other compounds constant Again the 
treatment of 9a) was repeated. A layer of 8.1 )xm tiiiokness was produced. After 
about 6 minutes the layer vras nearty perfectly orientated showing a weakly 
35 scattering green reflection band. 
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0 In a further experiment the 95 % LC242 component of mi>sture I was replaced by 
93 % LC 242 plus 2 % of AddifiveNo. 8. Heptyl 2,5-bis{t4-({6-oxo-^[2- 
(vinyloxy)ethoxy]hexyl}oxy)benzoylj-oxy}benzoate (Example 8), while keeping the 
5 concentration of the other compounds constant Alttiough only 2 % of /Vdditive 

No. 8 was added ttie layer started orienting already after about 1 minute and 
comprised a weakly scatterir^ teacture after about S mhutes (thus being 
^nificantly superior to Example Qa). 

10 E?CAMPLE 10 

Demonstrating imprevement of film quali ty due to addiBva components qccory fi pq 
the invention 

15 a> The following polymerizable cholesteric mixture(ll) was formulated: 

- 13 % 1 ,2-Bi8-{2,5-bis-[4-(6-acryloyIoxyhe)Q^lo)^)ben20yloxy]benzoic acid}- 

dBsopropyl L-tartarytester (described in WO 01/47882, Example 1) 
- 86 % 10-K4'-<qrano-1 ,1'-biphenyl-4-yl)oxy]decyl 

20 ■ 2,5-bis-[4X6-acrylbyloxyh89Qrto;)y) benzDylojqr]benzoate (described in WO 

00/551 1 0. method of manufacture similar to Example 1 ) 
- 1% Irgacure 184 (Photoinitiator. commem^lly available ftom Clba) 

The aforementioned host mixture did not contain an additive compound 
?5 according to the invention and thus was used as comparative example. 

The mbdure was dissolved In Anisole (Merek) (42 % by weight) and spin-coated 
on a glass subsfiate provided vwth above quoted LPPKJrientation layer. Spin- 
coating parameters: 700 rpm for 1 minute, resulfing in a 4.0 pm thick layer. 
JO Then the sample was heated to 82 »C and the remaining soiventwas allowed to 

evaporate. 

This treatment created a polydomain film with a dense net of dlsdination lines 
leading to a strongly scattering texture. These disclination lines were reduced 
f5 during annealing, however, they dW not disappear completely even after about 



-59- 



30/01/2B04 16:44 +4112834747 



ISLERSPEDRAZZINI AG 



S. B7/S4 



15 minutes. The film showed a cholesterlc long pitch reflection band around 
850 nm. 

b) m the next experiment the 86 % of LCP compound 104(4'-cyano-1 ,r-biphenyl-4- 
5 yl)oxyldecyl 2,5-bls-l4-(8-aciyloyloxyhe5qrfoxy) benzoyloxylbenzoate of mixture 

(11) was replaced by 76 % of LCP compound 1 0-[(4"-cyano-1 ,1 '-biphenyI-4- 
yl)oxy]decyl 2,5-bis-[4K6-acryIoyIoxyhexyloxy) benzoylo3cy]benzoat© eIuS 10 % of 
Additive No. 2, (R,S)-2-[(4'-cyano.1,1'-biphenyl-4-yl)oxy] propyl 2-methylac)rylate 
(Example 2), while keeping the concentrations of the other compounds constant 
10 Then the treatment as described above under 10a) was repeated. 

In this case a weakly scattering transparent film was generated within 3 minutes 
exhibiting a red reflection band around 650 nm. 

15 c) The following polymerazable cholesterlc mixture(l!1) was formulated: 

-11 % i,2-^Bis-{2,5-bis-[4-(6-acryIoyioxyhe5Qfloxy)benzoyloxylben2oi 
d'lisopropyi L-tartarylester {described in WO 01/47862, Example 1) 
62 % 1 0-[(4'-cyano-1 ,1 •-biphenyl-4-yl)oxyldecyl 
20 2,5-bis-[4-(6^cryloyloxyhexyloxy) benzoyloxy]ben2oate 

(described In WO 00/551 10, mettiod of manufacture similar to Example 1) 
- 26 % LOP compound LC242 (oommercially available from BASF) 
• 1 % Irgacure 184 (Pbotoinltiator, commerdally available from Clba) 

25 The aforementioned host mixture did not contain an additive compound 

according to the invention and thus was used as comparative example. 

The mixture was dissolved in Anisote (Merck) (50 % by weight) and spin^oated 
on a glass substrate provided with above quoted LPP-orientation {ayer. Spin- 
30 coating parameters: 700 rpm for 1 minute, resulting in a 4.0 nm thick layer. 

Then the sample was heated to 82 "C and the remaining solvent was allowed 
to evaporate. 

This treatment created a polydomain film with a dense net of discllnatlon lines 
35 leading to a strongly scattering texture. These discllnatlon lines were reduced 
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during annealing, however, they did not disappear completely e\fen after about 
15 minutes. A long pitch reflection band around 760 nm was generated. 

d) In the next experiment the 62 % of LCP compound 1 0-I(4'-cyano-1 .1'-biphenyl-4- 

5 yl)o)cyldecyI 2.5-bis-[4-<e^cryloyIoxyhexylo3{y) benzoyioxylbenzoate was 

replaced by 52 % of LCP compound 10-K4'-cyano-1,r-biphenyM-yl)oxyldecyl 

2,5-bfs-[4-{6-acry1oylo)vhejeyla>v) benzoylojqrjbenzoate 

fikB 10 % of Additive No. 2, (R,S)-2-I(4'-cyano-1.r-biphenyl-4-yl)oxy3propyt 2- 

methylacryiate (Example 2), while keeping the concentrations of the other 

10 compounds constant Then me treatment as described underlOc) was 

repeated. 

In this case.a weakly scattering transparent film was generated within 3 mmutes 
with a red reflection band around 650 nm. 

15 



EXAMPLE 11 

Demonstrating improvement of compati hiBtv of the component^ due to addtt»«> 
20 componen ts acM»rdinQ to the tnventinn 

a) The following polymerizable cholesteric mixture(IV) was forniulated: 

- 10 % 1.2-Bis-{2,5-biS"[4'(6-acryloyloxyhexyIoxy)benzoyloxy]benzoicacldJ- 
25 diisopropyi L-tartarylester (described In WO 01/47862. Example 1 ) 

- 89 % LCP compound LC242 (commercially available from BASF) 
- 1 % Irgacure 184 (Photoinitiator, commercially available from Ciba) 

The aforementioned host mixture did not contain an additive compound 
30 according to the invention and thus was used as comparative example. 

The mixture was dissolved in Anisoie (Merck) (50 % by weight) and spin-coated 
on a glass substrate provided with above quoted LPP-orientation layer. Spin- 
coating parameters: 700 rpm for 1 minute, resulting in a 4.5 pan thick layer. 
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Then the sample was heated to 85 ""C and the remalntng solvent was allowed to 
evaporate. 

This treatment created a polydomain film with a dense net of disclination lines 
5 leading to a strongly scattering texture. These disclination lines vanished slowly 

during annealing and disappeared nearly conipletely after aljout 5 minutes. The 
procedure resulted in a weakly scattering film exhibiting a green reflection band. 
Then the sample was cooled down to room tempeiature; thereafter it was 
confirmed that the film remained homogeneously oriented. The sample was then 
10 irradiated with UV-Iight (5 mW around 360 nm for 5 minutes in N2 atmosphere) 

to fix the orientation by cioss-linklng. After this treatment the sample scattered 
light due to phase separation which was induced by polymerization. 

b) In the next experiment the 89 % LC242-component of mixture(IV) was replaced 
15 by 79 % LC242 Ejus 10 % of AddHjveNo. 2. (R,S)-2-[{4'-cyano-1 ,1 -biphenyl-4- 

yl)oxy] propyl 2- methylacrylate (Example 2), while keeping the concentrations 
of the other compounds constant. Then the treatment as described above under 
11a) was repeated. 

20 In this case no sign of phase separation was observed. This cleariy shows that 

the addition of Additive No. 2 improves the compatibility of different components, 
In the case of the example the compadbfllty of chiral compound 1,2-Bls- 
{2,5*is-[4-(6-acryfoyto)^e)vloxy)ben2oyloxy]benzolc acici}-cIH®c>propyl L- 
tartarylester and LCP compound LC242- 

25 



30 



3$ 



-82- 



30/01/2004 IB: 44 +4112834747 



ISLERS1PEIIRA22INI AG 



S. 70/94 



craims 



1. A mesogenfc. cross-linkaUe mixture comprising: 

5 

i) a cross-llnkabre ifquid crystalline host oomprisfng at least one cross- 
linkable Rquid crystalline compound, and 

ii) at least one chirai or achiral rod shaped additive 

component, wherein sate! additive component has a ngid core and 
comprises at least two fused or linked, optionally substituted, non- 
aromatic, aromatic, carbocyclic or heterocyclic groups, and also 
comprises at least one optionally substituted alkyi residue, and 
at least one polymerizable group and wherein the additive 
component has a transition temperature to the Isotropic state of 40 "C 
"fS or lower. 

Z A mixture according to dalml, wherein the additive component has a 
transition temperature to the rsotropfc state of 20 "C or lower. 

20 3. A mixture according to claim 1. Wherein the additive component has a 
trensiton temperature to the isotropic state of 0 "C or lower, 

4. A mixture according to any one of claims 1 to 3 having a clearing temperature of 
30 "C or higher. 

25 

5. A mixture according to any one of daimsl to 3 having a clearing temperature of 
60 *C or higher. 

6. A mixture according to any one of claims 1 to 5, wherein the liquki crystalline 
30 host has a clearing temperature of 50 'C or higher. 

7. A mixture according to any preceding claim, whenain the additive component is a 
compound of formula (I): 
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A3 A4 (,j 

wherein: 

a1 to a4 are independently from each other hydrogen, a polar group such 

as nitro, cyano, a halogen, an optionally substituted methyl 
group, or an optionally substituted hydn^carbon group of 2 to 40 
Oatoms. In which one or more G-atoms may be replaced by a 
heteroatom, in such a way ttiat oxygen atoms are not linked to 
one another, 

with tfie proviso that at least one of to A** comprises a 
polymenzable group, 
C"* to CS^ are independently from each other optionally substituted non- 
aromatic, aroma«c. carbocycMc or heterocyclic groups, preferably 
connected to each other at the opposite positions via the bridging 
gTOups to 

Z1 to 2^ are independently from each other -CH(OH)-. -^O-. -CH^CO)-. 

-SO-, -CH2{SO)-, -SO2-. -CH2(S02h -COO-. -OCO^, -COCF2-, 
-CF2CO-, -S-CO-. -COS-. -SO0-, -OSO-. -SOS-, -CH2-CH2", 
-OCH2-, -CH2O-, -CH=CH-, -CsC-, -CH=CH-COQ-. 
-OCO-CH=CH-, -CH=N-, -C(CH3)=N-. -N=N- or a single covalent 
bcmd. 

a1 , a2 and a3 are independently from each other Integers linom 0 to 3, such that 

Isa1+a2 + a3s3, 
with the proviso that the sequent^ 

A^-C^-(Z-'-C=')3i-<Z2-C*MZ^-C*)a3-A2 
describes the long moleoular axis of the rod shaped additive components. 

A mixture according to claim 7, wherein the additive component is a 
compound of formula (I), wherein at least one of A'' to A^ Includes a 
polymerizable gnsup, selected from a residue of formula (II); 

P-(Sp)k-(X)t- (II) 
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wherein: 

P is hydrogen or a polymerizable group selected from groups 

comprising CH2=CW-, CH2=CW-0-. CH2=CW-COO-, 
CH2=C(Ph>-COO-, CH2=CH-COO-Ph-. CH2=CW-CO-NH-. 
CH2=C(Ph)-CONH-, CH2=C(C00R>CH2-C00-. 
CH2=CH-000. {Ph)-CH=CH-. CH3-CH=N-(CH2)m1-. HO-. 
HS-, H<MCH2)m1-. HS-{CH2)ml-. HO(CH2)mlCO<>.. 
HS(CH2)mlCOO-, HWN-. HOC(0)-. CH2<:H-Ph-(0)m2. 



=CH- 




10 or 

o 

HWC-W 

wherein: 

W IS H, F, CI, Br or I or a alkyJ group, 
ml is an integer having a value of from 1 to 9. 
IS m2 is an integer having a value of 0 on, 

R' is a Ci^ alkyi group, 

R" Is a Ci-6 alkyl group, methoxy, cyano, F, CI, Br or I, 
Sp is an optionally substituted straight or branched C1.30 alkyfena 

group, in which one or more -CH2-- groups may be replaced by 
20 a heteroatom and/or by a polar group and/or It Is optionally 

possible that one or more carbon-carbon single bond($) Is/are 
replaced by a carbon-carbon double or a triple bond, 
k is an Integer having a value of from 0 to 4, 

X is -O-. -S- -NCCHsK -CH(OH>. -CO, -CH2(CO)-, ^SO-, 

25 -CH2(S0)-, -SO2-, -CH2(S02)-, -COO-, -OCO-, -0CO-O-, 

-CO^. -SOO, -OSO-, -SOS-. -CH2-CH2-. -OCH2-, 
-CH2O-, .CH~CH~, -CsC-. or a single bond, 
t is an Integer having a value of 0 or 1 . 

30 9. A mixture according to any one of claims 7 to 8, wherein at least one of to 
A^of fonnula (I) is a group of fonmula (II): 
wherein: 

P Is a polymerizable group such as CH2==CW-, 

CH2=CW-0-, CH2=CW.COO- or 
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10 



Sp 



k 
X 



15 



Wherein: 

W isH, CH3. F, a, Brorl. 

R" is a alkyi group, methoxy, cyano. F, CI, Br or L 
is a Ci.22 branched or straight-chain alkylene group, in which 
one or more -CH2- groups present In the hydrocarbon chain 
may be replaced, independently, by one or more groups 
selected from -0-, -CH(OH>, -SO2-, -COO-, -OCO-. -0C0-0-, 
-CH=caH-. -CfeC-, -(CF2)r - , wtth the proviso ttet no two oxygen 
atom$ are directly linked to each other, and wherein r is an 
integer between 1 and 10, 
is1, 

is -0-, -CO-. ^OCK -0C0-, -GH=CH-, -CsC-, or a single bond, 
more preferably -O-, -COO-, -OCO- or a single bond, 
is 1. 



10. A mixture acconJing to any one of claims 7 to 9. wrfierein C to C* are 
preferably selected from: 





(L)u3 



20 





(L)u3 . N-N 



wherein: 

L Is -CH3, -COCH3, -NO2, -CN or halogen, 
ul Is 0, 1,2, 3, or 4. 
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u2 isO, 1,2, or3. 
u3 isO, 1,or2. 

11. A mixture according to any one of claims 7 to 1 0, wherein: 
5 C1 to are selected from optionally subsfltoted cydohexyl or 

cydohexylend, phenyl or phenylene. naphthyl or naphthylene or 
phenanthiyl or phenanthrylene, 
a1 to a4 independently from each other Is hydrogen, a polar group such 
as cyano, nrtro, a halogen, or a group of fotmula (II) in which: 
^ te*>ydrogenorapolymeriZablegroupsuchas 
CH2«»CW-. CH2=CW-a-, CH2=CW-COO- or 

wherein: 

W isH, CHs, F.CIBrorl, 
l^* 's a Ci-6 alkyi group, methoxy, 
cyano. F. a, Br or I, 
Sp is a Ci.22 branched or stralght-c^ain alkylene group, in 
which one or more -CH2- groups present in the 
hydrocarbon chain may be replaced. Independently, by one 
or more groups selected tttm -0-, -CH(OHK -SO2-, 
-CC30-, -OCO-, -0C0-0-. -CH=CH., -C=C-. -(CF2)r- . 
with Ihe proviso that no two oxygen atoms are direc% ■ 
linked to each other, and wherein r is an integer between 1 
and 10, 

X is -0-, -CO-, -COO-. -OCO-. -CH=CH-. -CfeC-. or a single 

bond, more preferably -0-. -COO-, -OCO- or a single bond, 
t Is 1, 

with the proviso that at least one of to A^ comprises a 
polymerfeable gnaup such as CH2=CW-, CH2=CW-0-, 
CH2=<W-COO-or 

wherein: 
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W isH,CH3,F.GI,Brorl, 

is a alkyi group, metho)^. cyano, F, CI, Br 
or L 

5 12. A mixture according to any one of claims 7 to 1 1 , wherein: 

comprises a polymerLsable group such as CH2=CW-, 

CH2=CW-0-, CH^CW-COO-, 
wherein: 

W IsHorCHs, 
10 A? has the meaning of formula (II), in which: 

P is hydrogen or a poiymerizable group such as 
as CH2=CW», CH2=CW-0- or CH2=CW-COO-, 
wherein: 

W lsHorCH3t 

is Sp Is a branched C3-C1 6 alkylene group, optionally 

comprising at least one oxocarbonyl or 

carbonlyoxy group, or is a straight C2*Ci6 

alkylene group, comprising at least one 

oxocarbonyl or carbonyloxy group, wherein one or more 

20 -CH2- groups present in the hydrocarbon chain 

may be replaced. Independently, by one or more 
groups selected from -0-, -CH=CH-, -CsC-, 
with the proviso that no two oxygen atoms are 
directly linked to each other, 

25 k is1, 

X is -0-. -CO-, -COO-, -OCO-, -CH=CH-, -feC-, or 
a single bond, more preferably -0-, -CO0-, 
-OCO or a single bond, 
t is1 

4 

30 A is hydrogen. 

13. A mixture according to any one of claims 7 to 12, wherein: 
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10 



15 



20 



A" 



25 a"* 



.1 

A has the meaning of formula (II). wherein: 

P Is hycfrogen or a polymerizable group such as 
CH2=CW-. CH2=CW-0- or CH2=CW<;00-, 

wherein: 

W feHorCHa, 

Sp is a branched Ca-CigalkyJene gnsup. optionally 
csomprising at least one oxocarbonyl or 
group, oris a straight C2'Ci6 
alkylene group, comprising at least one 
oxocarbonyl or carbonyloxy group, wherein one or more 
-CH2- groups present in the hydrocarbon chain 
may be replaced, independently, fay one or more 
groups selected from -0-, -CH=CH-, -C^C-. 
With the proviso that no two oxygen atoms are 
directly linked to each other, 

It rsl, 

X lS-0-.-CO-..COO...OOO-,-CH=CH-,-feC-,ora 
single bond, more preferably -0-. -COO-. -OCO- 
or a single boiKl, 
t is 1, 

comprises a polymerizable group such as CH2=CW-. 
CH2=CW-0-, or CHy=CW-aDO-. 
wherein: 

W isHorCHs, 
is hydrogen. 



2 



A mixture according to any one of claims 7 to 13. wherein: 
A has the meaning of fomiula (II), wherein: 

P is hydrogen or a polymerizable group such ai 

CH2=CW-, CH2=CW-0- or CH2=CW-COO., 

wherein: 
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W IsHorCHs, 

Sp is a branched C3-C1 6 alkylene group, optionally 

comprising at least one oxocarbonyi or 

carbonlyoxy group, or is a straight C2-C16 

5 alkylene group, comprising at least one 

oxocarbonyi or carbonyloxy group, wherein one or more 

-CH2- groups present in the hydrocarbon chain 
may be replaoed, independently, by one or more 
groups selected from -O, -CH=CH-, -CsO, 
i0 with the proviso that no two oxygen atoms are 

directly linked to each other, 
- k is 1, 

X is -CO-. -COO-, -OCO-, -CH=CH-, -CfeO, or 
a single bond, more preferably -O, -COO-, -OCO 
iS or a single bond, 

t Is1, 

comprises a polymerczable group such as CH2=CW-, 

CH2^CW-0-, or CH2=CW-COO-, 
wherein: 

20 W IsHorCHa, 

A* is hydrogen- 

15- A mixture according to any one of claims 7 to 14, wherein: 

has the meaning of fomnula (II), in which: 
25 P Is hydrogen or a potymeiizabte group such as 

CH2=CW-, CH2=CW-0- or CH2=CW^COO-, 
wherein: 

W isHorCHa, 

Sp IS a branched Ca-Ciealkyiene group, optionally 
30 comprising at least one oxocarbonyi or 
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carbonlyo)^ group, or is a straight C2-Ci6 
alkytene group, comprising at least one 
oxocarbonyl or carbonyloxy group, wherein one or more 
-<3H2- groups present in the hydrocarbon chain 
5 may be replaced, Independently, by one or more 

groups selected from -0-, -CH=CH-, -CSsO, 
with the proviso that no two oxygen atoms are 
directly linked to each other, 
k is 1, 

X is O^, -CO-, ^OO, -OCO. -CH=CH-. -C^C, or 
a single bond, more preferably -COO-, 
-OCO- or a single bond, 

t is 1, 

.3 

A comprises a polymerizable group such as CH^CW-, 

CH2=CW-0, or CH2=CW-COO-, 
wherein: 

W IsHorCHa, 

4 

A Is hydrogen. 

20 16- A mixture according to anyone of claims 7 to 15, wherein: 
A and A have the meaning of fomiula (11), wherein: 

P IS hydrogen or a polymerizable group such as 
CH2=CW-, CH2=CW-0-orCH2=CW-COO-, 
wherein: 

25 W fsHorCHa, 

Sp is a branched Cs-Cig alkylene group, optionally 
comprising at (east one oxocarbonyl or 
cart)onlyoxy group, or is a straight C2-C16 
alkylene group, comprising at least one 
oxocarbonyl or carbonyloxy group, wherein one or more 
-CH2- groups present in Oie hydrocarbon chain 
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may be replaced, independen%, by one or more 
groups selected from -CH=CH-, -feO, 
with the proviso thai no two oxygen atoms are 
directly Jinked to each other, 
5 k is1, 

X is "O-, -CO-, -COO, -OCO-, -CH=CH«, -CsC-, or 
a single bond, more preferably -0-. -COO-, -OCO- 
or a single bond» 
t IS 1, 

70 comprises a polymerizable group such as CH^=CW-, 

CH2=CW-0-. or CH2=CW-COO-, 
wherein: 

W IsHorCHa, 



4 

A hydrc^en. 



15 



1 

17. A mixture according to any one of daims 7 to 16, wherein at least one of A to 

3 

A has the meaning of formula (ll)» wherein: 
P is hydrogen or a polymerizable group such as CHg^CW- 
CH2=CW-0-, CH2=CW-COO-, 
20 wherein: 

W isHorCHs, 
Sp has the meaning of formula (111) 

1 

(CH2)nHY^)ni^-(CH5)nMB^)mMCH2)nMY2)m^^^^ 

25 m 

wherein: 

and each Independently represent -OCO- or -COO-, 

•I 

B represents C or CH, 
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and each Independentfy represent hydrogen or 

a C1-C12 alkyl residue, preferably a 
C1-C6 alkyl residue, such ae a mefhyi, 
ethyl, propyl, butyl, pentyl. h&K^ or 
^ isopropyl residue, 

n1 , n2. n3 and n4 are Independently Integers from 0 

to 15, such that 0 ^ n1 + n2 + n3 + n4 s 15, 
ml, m2 and m3 are Independently integers from 0 to 3. such that 

lsm1+m2 + m3:S3 and 

wherein: 

one or more -CHg- groups pnssent in the hydrocarbon chain 
of (III) may be replaced, independently, by one or more groups 
selected ftom -0-. -CH=CH- or -CsG-, 
with the ppovrao that the carbon-carbon double bond of P Is 
not directly connected to the carbon atom of or Y^. 
k tel. 

X IS -0-. -CO^. -coo-. -OCO-. -CH=CH-, -CfeC-. or a single bond, more 

preferably -0-, -COO. -OCO- or a slr^le bond, 
t isl. 

20 

18. A mixture according to any one of claims 7 to 17, wherein at least one of a"" to 

3 

A has the meaning of formula (II), wherein: 

P is hydrogen or a polymerizable group such as CH2=CW-, CH2=CW-0-, 
CH2=CW-COO-, 
25 wherein: 

W IsHorCHs. 

Sp has tfie meaning of formula (III) 
wherein: 

Y andr* each independently represent -OCO-or-COO-, 

B represents C or CH, 
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Is hydrogen 

represents a methyl, ethyl, propyl, butyl, pentyl or 
hexyl group and most preferably a methyl or ethyl 

5 n1 , n2, n3 and n4 are independently integers from 0 to 15, 

such that 0 s n1 + n2 + n3 + n4 1£ 15, 
ml , m2 and m3 are independently Integers from 0 to 3, 

such that 1 ml + m2 + m3 3. and 

wherein: 

'jQ one or more -CH2- groups present In *e hydrocarbon chain 

of (Hi) may be replaced, independently, by one or more groups 

selected from -0-, -CH=CH- or -CsO, 

with the proviso tliat the carbonncarbon double bond of P is 

not direoHy connected to the cartion atom of or Y^, 

15 k is1, 

X is -0-! -CO-, -COO-, -oca-, -CH=CH-, -C^. or a single bond, more 

preferably -0-, -COO-, -OCO- or a single bond, 
t tel. 

20 19- A mixture according to any one of claims 1 to 18 comprising further agents, such 
as cross-linking agents, stabflizing agents, initiators, dyes, other chiral or achiral 
additives and plasQcizers* 

20. A mixture according to any one of datms 1 to 19 in fonn of an elastomer, polymer 
2S gel, polymer network or polymer film. 

21 . A chiral or aichlral rod shaped compound, wherein said compound has a rigid 
core and comprises at least two fused or linked, optionally substituted, non- 
aromatic, aromatic caibocyciic or heterocyclic groups, and also comprises at 

30 least one optionally substituted alkyl residue, and also comprises at least one 

polymerfzable group and has a transition temperature to the isotropic state of 
40 ^C or lower- 
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22. A compound according to any one of claims 21 to 22, wherein the compound has 
a f/ansitron temperature to the Isotropic state of 20 *C or lower. 

23. A compound according to claims 21 to 22, wherein the compound has transition 
5 temperature to the Isotropic state of 0 °C or lower. 

24. A compound according to any one of claims 21 to 23 of formula (I): 

A3 a4 

M {I) 

10 wherein: 

a1 to a4 are independently from each other hydrogen, a polar group such 

as nrtro, cyano, a halogen, an optionally substituted methyl 
group, or an optionally substituted hydrocarbon group of 2 to 40 
C-atoms, in which one or more Oatoms may be replaced by a 
heteroatom. In such a way that oxygen atoms are not linked to 
one another, 

1 4 

with the proviso ttiat at least one of A to A comprises a 
polymerizable group. 
Cl to are independently from each other optionally substituted non- 

2^ aromatic, aromatic, carbopyclic or heterocyclic groups, preferably 

connected to each other at the opposite positions via the bridging 
groups Zl to Z^, 

to Z3 are independenfly fnam each other -CH(OH>-, -CO, -CH2(CO)-, 
-SO-, -CH2(S0)., -S02-r -CH2(S02V, -COO-, -OCO-, -COCF2-. 
2S -CFaCO-, -S-CO-, -CO-S-, -SOO-, -OSO-, -SOS-, -CH2-CH2^, 

OCH2r> -CH2O-, -CH=CH-, -C^i-, -CH^CH-COO-, 
-OCO-CH=CH-, -CH=N-, -C{CH3)=N., -N=N- or a single covalent 
bond, 

a1 , a2 and a3 are independently from each other integers from 0 to 3, such that 
30 1 £ a1 + a2 + a3 s 3, 

with the proviso that the sequence: 
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describes the long molecular axis of the rod shaped additrve components. 

25- A compound acoordrng to claim 24, wherein at least one of A'' to includes a 
5 polymerizable group, selected fit>m a residue of formula (II): 

P-(Sp)k-(X)t- (") 
wherein: 

10 P is hydrogen or a polymerizable group selected from groups 

comprising CH2=CW-. CH2=CW-0-. CH2=CW-COO-, 
CH2=C(Ph)-COO-. CH2=CH-COO.Ph-, CH2=CW-CO-NH-, 
CH2=C{Ph)-CONH7, CH2=C(COOR>CH2-COO-, 
CH2=^CH-000, (Ph)-CH«CH-, CH3-CH=t4-(CH2)m1-, HO-, HS-, 

15 HO(CH2)m1- - HS-(CH2)m1-. HO(CH2)mlCOO-, 

HS(CH2)mlCOO-, HWN-, HOC(OK CH2=CH-Ph-(0)m2, 



20 




HWC-CH- 



Wherein: 

W Is H, F, CI, Br or I or a alkyl group, 
ml ts an Integer having a value of from 1 to 9, 
m2 is an integer having a value of 0 or 1, 
25 K is a alkyl group, 

is a Ci-$ alkyl group, methoxy, oyano, F, CI. Br or i, 
Sp isanoptionally substituted straight or branched alkylene 

group, in which one or more -CHg- groups may be replaced by a 
heteroatom and/or by a polar group and/or it is optionally 
30 possible that one or more caiiion-carbon single bond(s} is/are 

replaced by a carborhcartK>n double or a triple bond, 
k is an Integer having a value of from 0 to 4, 
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X is -0-. ~S-, -NH-. -N(CH3)-, -CH{OH)-, -CO-. -CH2(COK -Sa, 

"CH2{SOh -SO2-. -CH2(S02)-. -COO, -OCO-. -0C0-0-, 
-S-CO-, -CO-S-, -SOO-, -OSO-. -SOS-, -CH2-CH2-, -OCH2-, 
-CH2O-, -CH=CH-, -CfeC-. or a sfngle bond, 
5 t isanintegerhaw'ngavalueofOorl. 

26. A compound according to any one of claims 24 or 25, wherein at least one of A"* 
to A* of formula (I) is a group of formula (II): 
wherein: 

P a polymerizable group sutrfi as CH2=:CW-, 

CH2=<W-0-, CH2=CW-COO-or 

wherein: 

W rsH. CH3. F, a, Brorl, 

R" is a alkyi group, methoxy, <^no. F. CI, Br or I. 
®P 's a Ci_22 branched or straight-chain allcyiene group, in which 

one or more -CH2- groups present in the hydrocarbon chain 
may be replaced, independently, by one or more groups 
selected ftom -0-, -CH(OHH -SO2-, -COO-, -OCO-, ~0C0-0-, 
20 -CH»CH-,-C^..(CF2)r-, 

with the proviso that no two oj^en atoms are difecfly JInkeef to 
each other, and whereftt r is an integer between 1 and '10, 
k is 1, 

X Is -CO-, -COO-, -OCO-, -CH=CH-, -CsC-, or a single bond, 

25 more preferably -0-. -COO-, -OCO- or a single bond, 

t Isl- 

27. A compound according to any one of claims 24 to 26 wherein to C* are 
preferably selected from: 
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(L)u2 



(1j)u3 \ Jtf 





wherein: 

L being -CHs. -COCH3, -NO2, -CN or halogen* 

u1 Is 0, 1, 2, 3. or 4, 

u2 isO, 1,2. or3, 

u3 isO, 1, or2. 



10 



15 



20 



28- A compound according to any one of claims 24 to 27, wherein: 

C*^ to g4 are selected from optionally substituted oyolohexyl or 

cyclohexylene, phenyl or phenylene, naphthyl or naphthalene or 
phenanthryl or phenanthiylene, 

independently from eadi other is hydrogen^ a polar group such 

as cyano, nKro, a halogen, or a group of formula (II) in.whlc*i: 
P is hydrogen or a polymerl^able group such 

CH2=CW-. CH2=CW-0-, CH2=CW-COO or 



A to A 



Sp 



wherein: 

W isH, CH3, R CIBrorl, 

R* IS a alkyi group, methO)cy, 

cyano, F, CI, Br or I, 
is a C1.22 branched or straight-chain alkylene group, in 

which one or more -CH2- groups present fn the 
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hydrocarbon chain may be replaced, Independently, by 
one or more groups selected from -0-, -CH(OH)-, -SOz-. 
-COO-, -OCO-. -OCOO-. -CH=CH-, -feO, -(CF2)r-. 
wfth the proviso that no tvw> oxygen atoms are directly 
^ linked to eac^ other, and wherein r is an integer 

betsween 1 and 10. 
k is 1. 

X is -O. -CO-. -COO-, -OCO-" -CH=CH.. -C=C-, Or a single 
bond, more preferably -0-, -COO-, -OCO- or single bond, 

10 t is1, 

with the proviso that at least one of A1 to A4 comprises a 
polymerizable group suc*i as CH2=CW-, CH2=CW-0-, 
CH2=CW-COO- or 

^5 whersin: 

W isH, CHs, F,CI, Brorl, 

R" is a Ci^ alkyt group, methoxy, cyano, F, CI, Br or 1/ 



20 



29. A compound according to any one of claims 24 to 26, u^erein: 

comprises a polymeroable group such as CH2=CW-, 

CH2^CW-0-. CH2=CW-COO-, 
whereni: 

W isHorCHs. 

2 

A has the meaning of formula (II). In which: 

^® P is hydrogen or a polymerizable group such as 

CH2=CW-. CH2=CW-0- or CH2=CW-C0O-. 
wherein: 

W Is H or CH3, 

Sp is a branched C3-C16 alMen© group, optionally 
30 <»mprisingatleastoneD]a)carbonylor 

carbon^^ group, or Is a straight 

Q2-C16 alkylene group, comprising at least one 



-79- 



i 



30/01/2004 16:44 +4112834747 



ISLER&PEDRAZZINI AQ 



S. 87/94 



cxocarbonyl or carbonyloxy group, wheiein one or more 

groups present in the hydrocarbon chain 

may be replaced, independently, by one or more 
groups selected from -0-, -CH=CH-, -CfeO, 
5 with the proviso that no two oxygen atoms are 

directly linked to each other, 
k is1, 

X is -CO-, -COO-, -0CO-, -CH=CH-. -C^, or 
a single bond, more preferably -0-, -COO. 
10 -OCO- or a ^ngle bond, 

t is1 

4 

A Is hydrogen. 

30. A compound according to any one of claims 24 to 29, wher^'n: 
1 

15 A has the meaning of formula (II), wherein: 

p is hydrogen or a polymerizable group such as 
CH2=CW-, CH2=W-0- or CH2='CW-COO-, 
wherein: 

W is H or CHs, 

20 Sp Is a branched Cs-Ciealkytene group, optionally 

comprising at least one oxocarbonyl or 

carbonlyoxy group, or is a straight C2-Cie 

alkylene group, comprising at least one 

oxocarbonyl or carbonyloxy group, wherein one or more 

25 -CH2- fln^ups present in the hydrocarbon chain 

may be replaced, independently, by one^ or more 
groups selected from -Q-, -CH=CH-» -C^C-, 
wth the proviso that no two oxygen atoms are 
directly linked to each other, 

30 k is1, 



.80- 



30/01/2004 16:44 +4112834747 ISLER&PEDRAZZINI AG s. 



88/9: 



X IS -0-, -CO, -COO^ -OCO-. -CH=CH-, -C^C-, or 
a single bond, more preferably -0-, -COO-, 
-OCO- or a single bond, 

t isl. 

comprises a polymerizable group such as CH2=CW-, . 

CH2=CW-0-, or CH2=CW-COO, 
wherein: 

W isHorCHa. 



4 

A is hydrogen. 



10 



20 



31 . A compound according to any one of claims 24 to 30, wherein; 
A has the meaning of fovmula (|i), wherein: 

P is hydrogen or a polymerizable group such as 
CH2=CW-, CH2=CW-0 or CH2=W-COO-, 
wherein: 

W isHorCHa 

Sp is a branched C3-C1 q alkyfene group, optionally 
comprising at least one ojcocarbonyl or 
caibonlyo;^ group, or is a straight C2-C1 s 
alkyiene group, comprising at least one 
oxocart>onyl or carbonylojy group, wherein one or more 
-CH2- groups present in the hydrocarbon chain 
maybe repfaoed, independently, by one or more 
groups selected fliom -O-, -CH=CH-, -CfesO, 
with the proviso that no two oxygen atoms are 
directly linked to each other, 
isl. 

is -0-. -CO-, -COO-. -OCO-. -CH=CH-, -CfeC-, or a 
single bond, more preferably -0-, -COO-, OCO- 
or a Single bond, 
t isl. 



25 



X 
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A comprises a polymerizable group such as CHg^CW-, 

CH2=CW-0-, or CH2=CW-COO^. 
wherein: 

W Is H or CH3, 

4. 

5 A is hydrogen, 

32. A compound according to any one of claims 24 to 31 , wherein; 
A^ has the meaning of formula <II), wherein: 

P is hydrogen or a polymerizaWe group such as 
id CH2^CW-, CH2=CW-0- or CH2=CW-COO-, 

wherein: 

W feHorCHa, 
Sp Is a branched Cs-Cisalkylene group, optionally 
comprising at least one oxocartK)nyi or 
75 carbonlyoxy group, or is a straight 6 

alkyiene group, comprising at least one 
oxOGart>onyl or cart>onyloxy group, wherein one or more 
-CH2- groups present in the hydrocarbon chain 
may be replaced, independently, by one or more 
20 groups selected from -CH=CH-, -feO, 

with the proviso that no two oxygen atoms are 
directly linked to each other, 
k is1, 

X fe -CO-. -COO-. -OCO-, -CH=CH-, -C^O, or 
25 a single bond, more preferably -COO-, -OCO- 

or a single bond, 
t is1, 

A^ comprises a polymerizable group such as CH2=CW-', 

CH2=CW-0. or CH2=CW-COO-, 

30 wherein: 

W isHorCHs. 
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4 

A IS hydrogen. 

33. A compound according to any one of clafms 24 to 32, where/n- 

_1 2 

A and A have the meaning of fonrmJa (II), wherein: 

^ P tehyd^^genorapolymerlzabtegroupsuchas 

CH2=CW-, CH2^CW-0- or CH2=CW-COO-. 
wherein: 

W IsHorCHs, 
Sp IS a branched Cs-c-i e alkylene gix:>up, optfonallx 
comprising at feast one oxocarbonyl or 
carbonlyoxy group, or rs a straight C2-C16 
alkyJene group, comprising at least one 
oxocarbonyl or carbonyloxy group, wherein one or more 
rCH2r groups present In the hydrocarbon chafri 
fnay be replaced, independently, by one or more 
groups selected from -CH=CH-, -C^, 
with the proviso that no two oxygen atoms are 
directly linked to each other/ 
k is 1, 

^ -0-, -CO, -COO^ -OCX^, -CH=CH-, -C^, or 
a single bond, more preferably -COO-, -OCO- 
era single bond, 

t Isl, 

.3 

A comprises a polymerizable group such as CH2=CW-, 

2^ CH2=CW«0, or CH2=CW-COO-, 

wherein: 

W isHorCHa, 

.4 

A is hydrogen. 
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34. A compound accortling to any one of claims 24 to 33, wherein at least one df A 

to A^ has the meaning of formula (11), wherein: 

p is hydrogen or a polymerizable group such as 

CHa^CW-, CH^^CW-O-. CH2=CW-COO-, 

wherein: 

W is H or CH3, 

Sp has the meaning of formula (III) 



10 



15 



20 



25 



Wherein: 



V'^and 



B" 



1 2 
r' andR 



■ ' - - ~ - - - 

(HI) 

each independently represent -OCO- or -COO-, 
reprssente C or CH, 

each independently represent hydrogen or a 

C1-C12 elkyl residue, preferably a Ci~C6 alkyi 
residue, such as methyl, ethyl, propyl, butyl, • 
pentyi, he)Ql or isopropyl residue, 
are independently integers from 0 to 1S, such 
that 0 £ n1 + n2 + n3 + n4 < 16, 
are independently integers from 0 to 3, such that 
1 s ml + m2 + m3 £ 3 and 

wherein 

one or more -CH2- groups present in the hydrocarbon chain 
of (III) may be replaced, independently, by one or more groups 
selected from -CH=CH- or -feO. 
wfth the proviso that the carbon-carbon double bond of P is . 
not directly connected to the carbon atom of or Y^, 



n1, n2, n3andn4 
ml, m2 and mS 
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25 



fc is 1 , 

X is -0-. -CO-. -COO-. -oca, -CH=CH.. -feC, or a single bond, more 

preferabFy -0-, -CO0-, -OCO- or a single lx»nd. 
t isl. 



5. 

35. 



A compound according to any one of claims 24 to 34, wheifein at least one of a'' 

3 

to A has the meaning of fonnula (II), wherein: 

P is hydrogen or a polymerizabie group such as CH2=CW-, 

CH2=CW-0-, CH2=CW-COO-, 
"^^ wherein: 

W is H or CHs, 

Sp has the meaning of formula (III) 
wherein: 

Y andY^ each Independentiy represent -OCO- or -COO-, 

represents Cor OH, 

^ is hydrogen, 

2 

R represents a methyl, ethyl, propyl, butyl. peiHyl or 

hexyi gnjup and most preferably a methyl or ; 
ethyl group, 

ni;n2.n3andn4 are independently integers from 0 to 15, such 

that 0 ^ n1 + n2 + n3 + n4 15, 
m1. m2 and m3 are independently integers from 0 to 3. such that 

1 s mi + m2 + m3 s 3, and wherein 
one or more -CH^- groups present in the hydrocarbon chain 
of (III) may be replaced, independently, by one or more groups 
selected from -0-, -CH-CH- or -CteC-, 
with the proviso that the carbon-carbon double bond of P is 
not directly connected to the carbon atom of or Y^. 
I< isl. 



30 X 



is -0-, -GO-. -COO-, -OCO-, -CH=CH-. -C^C-, or a single bond, more 
preferably -0-, -COO-, -ocO- or a single bond. 
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t tel. 

36. Use of a chlral or achiral rod shaped compound according to any one of claims 
21 to 35 for the preparation of mesogenic polymer mixtures according to anyone 

5 of claims 1 to 20. 

37. Polymer networks prepared from a mixture according to any one of claims 1 to 
20. 

10 38. Liquid crystalline polymer films prepared from a mixture according to any one of 
claims 1 to 20. 

aa Use of a polymer network according to claim 37 or a liquid crystafflne polymer 
fijrn according to dalrn 3B for ttie preparation of unstructured or structured 
IS optical and eledro-optlcal components and multilayer systems. 

40. Use of a mbdiure according to any one of claims 1 to 20 for the preparation of an 
efastomer. polymer gel, polymer network or polymer film. 

20 41 . Use of a polymer network according to claim 37 or of a Ifciuld cfystalline polymer 
film according to claim 38 for the manufecture of devices such as waveguides, 
opfical giaflngs, filters, retarders, polarizers, piezoelectric cells or thin film 
exhibiting non-Ifnear optical properties, 

25 42. Optical or electro-optical components comprising a polymer network according to 
claim 37 or a liquid crystalline polymer film according to claim 38. 



-86- 



30/01/2004 16:44 +4112834747 



ISLER&PEDRA2ZINI AG 



S. 94/S 



Abstract 

The present Invention relates to mesogenic, cross^inkable mixtures comprising (i) a 
cross-linkable Jiquid crystalline host compound comprising at least one cross-linkable 
liquid crystalline compound, and (ii) at least one chiral or achiral rod shaped additive 
5 component wherein said additive component has a rigid core and comprises at least 
two fused or linked, optionally substttuted. non-aTOmatio, aromatic^ cari>ocyclic or 
heterocyclic groups, and also comprises at least one optionally substituted aikyi - 
residue, and at least one polymerizable group and wherein the addifive component has 
a transrtion temperature to the isotropic state of 40 °C or tower. The Invenfion also 

10 relates to the novel chiral or achiral rod-shaped additive compounds used for the 
preparation of these mixtures, to mixtures according to the invention in fomi of an 
eiastomer, polymer gel, polymer network or polymer film, to polymer networks and 
liquid crystalline polymer films prepared from these mixtures and to optical or electro- 
optical components comprising polymer networks and liquid crystalline polymer films 

75 prepared from such mixtures. Further, the invention relates to the use of the chiral or 
achiral rod shaped compounds as components of a cross-linkable liquid crystalline 
mixture in the production of orientated liquid cr^talllne polymers, to liqukl crystalline 
mixtures comprising these compounds, to liquid crystalline polymers and liquid 
crystalline polymer networks prepared from such liquid crystalline misctures. and to 

20 liquid crystalltne devices comprising these compounds. 
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